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COMBUSTION 
ENGINEERING 
PRODUCTS 


BOILERS 
C-E Sectional Header Boiler 
C-E Box Header Boilers 
C-E Bent Tube Boilers 
C-E H.R.T. Boilers 
C-E Electric Boilers 
C-E Marine Boilers 


STOKERS 


C-E Multiple Retort Stoker 
Type E Underfeed Stoker 
Type E Stoker-Unit (for small boilers) 
Type H Stoker (for industrial furnaces) 
Coxe Traveling Grate Stoker 
Green Chain Grate Stoker 
(natural draft) 
Green Chain Grate Stoker 
(forced draft) 


PULVERIZED FUEL 
Lopulco Storage System 
Lopulco Direct-Fired System 
Raymond Pulverizing Mills 


WATER-COOLED FURNACES 


C-E Water-Cooled Furnace 
Lopulco Water Screen 


C-E Slagging Furnace 


COMPLETE UNITS 


Coordinated designs comprising any 
combination of boiler and firing 
equipment and 
Combustion Steam Generator 
(a standard unit for medium-sized 
and large plants) 

C-E Steam Generator Unit 


(a standard unit for small plants) 


OTHER EQUIPMENT 


C-E Air Preheaters 
(plate and tubular types) 
C-E Economizer 
Quinn Oil Burners 
Grieve Grates 
C-E Ash Conveyors 
C-E Ash Hopper 


Every well established type of fuel burn- 
ing and boiler equipment exists for 
logical reasons. It meets certain fuel 
conditions or service requirements better 
than any other type. Combustion Engi- 
neering, with its complete line of equip- 
ment, is in a position to make recommen- 
dations based solely on the conditions 
and requirements of your particular plant. 
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REPLACEMENT 


of old boiler units 


Offers many manufacturing 





plants a posstbility of 


effecting large savings 


Take, for example, the case of a manufacturing 
establishment operating five 300 hp. boilers installed 
ten or more years ago. An average monthly efficiency 
of 65 per cent would be fair overall performance for 
such a plant. 


By installing one thoroughly modern unit of 
sufficient size to carry the normal plant load, the 
average monthly efficiency could be increased to about 
80 per cent, a cheaper fuel could be utilized, mainte- 
nance and other operating costs would be materially 
reduced, dependableness of operation improved, and 
numerous lesser advantages obtained. The overall 
savings would probably pay for the installation in from 
one to three years. 


This general plan of modernization is sound from 
both engineering and economic standpoints and in 
many cases offers a real solution to the problem of 
increased production costs. 


Combustion Engineering is exceptionally qualified 
to cooperate with plant engineers and their consult- 
ants in making studies which will indicate the 
economic possibilities of modernization either along 
these lines or by revamping existing boiler units. 


Plant engineers are invited to make inquiry as to 
how a cooperative study of their problem may be 
arranged. There is no obligation. 
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Is There Excess Utility 
Capacity? 


PINIONS differ widely as to whether there is an 

actual excess of generating capacity among electric 
utilities. Some who contend there is, point to the fact 
that the present capacity exceeds that of 1929 by thirteen 
per cent whereas the total output for 1933, based on 
the figures now available is likely to be about ten per 
cent under 1929. They also see in the completion of 
Boulder Dam, the T.V.A., the Coulee and Bonneville 
developments, and other projects to be constructed with 
federal funds, together with an aggregation of small 
municipal projects, additional capacity that will swell 
the total two or three years hence. 

Viewed nationally and with reference to present needs, 
the foregoing may appear convincing, but the problem 
is essentially regional or local and present requirements 
are likely to be misleading. The vital factors are local 
conditions, measures that will be taken to stimulate load 
building, the rapidity of recovery and the ability of pres- 
ent equipment to handle overlapping peaks that may oc- 
cur with a return to normalcy. 

Despite a trend toward greater private generation of 
industrial power in the larger plants, where process steam 
is a factor, the wholesale utility load in October 1933 
was fifteen per cent above that of October 1932. Al- 
though still twenty-five per cent under that of 1929, its 
rapid rise during the last few months is indicative of what 
may be expected when industry is again in full swing. 

While the hydro developments now under way will 
provide capacity in certain sections that may require 
years to fully absorb, there are other sections, dependent 
upon steam, in which the reverse situation will obtain. 
Furthermore, the design and equipment of many of the 
steam plants have been rendered more or less obsolete by 
present practice and will have to be replaced or modern- 
ized. 

In the matter of load building the remarks of David 
Lilienthal of the Tennessee Valley Authority, in a recent 
address, are worthy of consideration. ‘“‘One of the two 
major objectives of the T.V.A.,’’ he said, “‘is to increase 
greatly the use of electricity in homes, on farms and in 
industries.’”’ This he proposes to bring about by low 
rates for electricity and, by the establishment of a 
governmental agency which, through loans will finance 
the purchase of electrical appliances so as to put them 
within reach of the average householder. An outstand- 
ing utility executive recently expressed a similar view. 

When it is considered that the average retail customer 
in Ontario uses three times the amount of electricity as 
does his neighbor in the United States the possibility of 
expanding this class of load becomes apparent. More 
extensive application of air conditioning and better street 
lighting opens up still another field for increasing load. 

To get back to the question of excess capacity, it is 
evident that one must qualify his answer as to the ability 
of this capacity to meet present demands or probable 
future demands; also as to whether he is thinking in 
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terms of national or local figures. Only a few of the 
factors entering into the problem have been mentioned; 
there are many more, all of which must be considered by 
the individual company or group in long-time planning. 
New power plants cannot be put up in a day, yet the 
utility must, by the nature of its service, be prepared 
to meet instant and unexpected load demands. 


Interest in Interconnection 
Revived 


HAT engineers are still giving serious thought to 
the exchange of power and steam between industrials 
and utilities was emphasized by the prolific and construc- 
tive discussion of two papers at the Annual Meeting of 
the A.S.M.E. 

Progress has been slow in putting into effect such inter- 
change although many studies have been made and a 
limited number of such arrangements are functioning 
successfully. Utility managements have been accused 
of being guided more by the arguments of their sales and 
legal departments than by the advice of their engineers, 
whereas industrial engineers and executives have been 
charged with taking a narrow viewpoint and refusing or 
failing to distinguish between the relative values to the 
utilities of ‘firm’ or ‘““dump’’ powers Few appear to 
have approached the problem on the hypothetical as- 
sumption that both properties were under common 
ownership. 

The idea that interchange of power and steam supply 
be approached from the fuel conservation angle alone 
has been proved fallacious; other, and more important, 
factors are involved, such as investment, risk, operating 
procedure and both continuity and sufficiency of supply. 
Legal obstacles have probably been over-rated. These 
are all matters concerning the individual case and na- 
tional statistics have no bearing. 

It has been suggested that attention has been directed 
in the past to interchange with large industrials to the 
exclusion of medium-sized plants which, as a group in a 
locality, might offer an economic tie-in, offsetting trans- 
mission losses and investment as well as cutting down 
reserve capacity. 

That industrial executives are acquiring a keener ap- 
preciation of process steam and by-product power is 
quite apparent, and it is unlikely that the future will 
see, as in the past, the installation of large capacities 
in low-pressure steam. It therefore behooves both indus- 
trial and utility managements at this time at least to 
investigate the possibilities of cooperative service in indi- 
vidual cases, before making commitments that may 
not be most advantageous to either. In approaching a 
problem of this kind it is important that the engineers 
do not stop with the engineering features but be pre- 
pared to offer intelligent advice from a business stand- 
point. 
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WE DO OUR PART J 


National Aluminate 
Corporation 


6234 W. 66th Place 
Chicago, Il. 


Let our test boilers carry your 





load” & 


HE two experimental boilers pictured here couldn’t produce 
T enough steam to be of much value to you. But they pro- 
duce something even more valuable. They have been of the 
greatest help in studying water under actual boiler conditions. 
Foaming, scale formation, the reaction of various chemicals—all 
these phases of water treatment have been painstakingly investi- 
gated with this research equipment. 

There are many problems in water treatment which are too 
complex for accurate solution without competent research work. 
Rule of thumb methods are not to be tolerated in modern plants 
and ‘‘cut and try’’ solutions are inexact and wasteful. For best 
results, there is no substitute for the experienced research engi- 
neer with adequate equipment at his disposal. 

No individual boiler plant can afford to undertake experi- 
mental research of this type. However, every plant using the 
Nalco System benefits from this research just as though they had 
done it themselves. We have the laboratory—a new one and one 
of the best for this type of work ever built. We have the staff— 
men who have pioneered in improving water treating practice 
for years. 

Our research problems are those of our customers who benefit 
both directly and indirectly. And there is no charge for such 
service. It is a vital part of the Nalco System—one of the im- 
portant reasons why thousands of leading plants have relied on 
this organization for boiler water treatment for years. Why not 
investigate? There is no obligation involved in sending the coupon. 


SODIUM ALUMINATE (alco System) 


NATIONAL ALUMINATE CORPORATION Fe ee EC eee OTe Tee eee Te re ere 
6234 W. 66th Place, Clearing Sta., Chicago, IIl. Title 

0 Send me your free booklet, “Standardized Feedwater Treatment.” NR go ibir cad ara oh aS RCW URIS SO CADRES Mae Se ean Dern eRe 
O Have an engineer make a feedwater survey of my plant. Address 


This does not obligate me in any way. 


O Give me names of nearby Nalco users or companies with plants 


similar to mine. 





January 1934-COMBUSTION 









a ne 





a 


erqrenngge ea 





A Modern Steam Generator 


withCombination 
Pulverized Coal 
and Wood Firing 


By DR. ING. KURT HEINRICH 


The article reports a new steam genera- 
tor installation in a Swedish cellulose 
factory, notable in its combination of 
pulverized fuels and wood firing. After 
detailed descriptions of the individual 
parts of the installation, the past operat- 
ing experiences are reviewed and the dif- 
ficulties that appeared considered. The 
results of preliminary trials are given and 
data of the final economies effected are 
disclosed, including efficiencies of 87.6 


and 86.5 per cent on test and total annual 
savings of $135,000. 


N 1929 the Ké6rsnas Cellulose factory in Karskar 
(North Sweden) undertook the expansion of its 
production facilities in a most modern fashion 

involving a broad consideration of the heat economies 

of the entire works. While past production yielded 

35,000 tons of sulphate and 46,000 tons of sulphite- 

cellulose, a total of 81,000 tons annually, the yield of 

sulphate after reconstruction was to mount to 72,000 

tons giving a total production of 107,000 tons annually. 

Through this enlargement, by combining the saw mills 

and the cellulose factory, the installation became the 

largest Swedish plant of its kind. 

Because the old ten boilers, which at most could 
deliver but 132,000 lb of steam per hr at 170 Ib 
per sq in. pressure and 525 F temperature, were in- 
capable of meeting the demands, the question of equip- 
ment for meeting the increased steam requirements had 
to be considered. The normal steam demands of the 
expanded plants amounted to 120,000 lb per hr in 
summer and 145,000 lb per hr in winter, exclusive of 





1 An exhaustive disclosure of the power and heat study of the plant was 
contained in a paper before the Swedish Society of Paper and Cellulose En- 
gineers by L. Malm. See also Svensk Poppers Tidn., Vol. 7, p. 235, 1932. 
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Fig. 1—The first boiler after erection; 
sawdust conveyor in left foreground 


30,000 Ib per hr which is supplied by the soda house 
waste-heat boilers.' In order that a sufficient reserve be 
available the ratings of the old boilers would have had 
to be increased considerably. After exhaustive investi- 
gations, which included the possible reconstruction of 
the old boilers as well as the installation of new boilers 
for 580 lb pressure and 800 F temperature, the high- 
pressure boiler installation was selected. The deciding 
factor was the possibility of the company producing its 
own power. 

In designing the boilers, provision had to be made for 
continuous peak loads of 175,000 lb of steam per hr 
during the winter months and short peaks of up to 220,000 
Ib per hr such as might occur when loading the feedwater 
heat accumulator. To meet such steam demands, 
three boilers of 110,000 Ib per hr were selected, so 
that at times two boilers would meet the highest peak 
demand while the third served as a reserve. 


Selection of Type of Firing and Boiler 


The outstanding consideration was the efficient burn- 
ing of the waste wood, coming from the process. De- 
pending on the kind of process there is considerable 
variation in the composition of the wood shavings and 
sawdust coming from the finishing, as well as from the 
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Fig. 2—Cross-sections through new boiler plant and drying house 


sawing plant, which were to be burned either mixed or 
separately. 

The next consideration was whether a combination, 
inclined, stepped grate, such as is commonly found in 
Finland for similar conditions, should be employed for 
burning the waste wood, or whether a Swedish vertical 
type of grate for so-called half-gas firing would be more 
suitable for such a large plant.? Exhaustive experi- 
ments were then conducted on the old boilers, which 
were in part equipped for coal firing and in part for wood 
firing. In these old furnaces the wood was burned on a 
sort of perforated grate bar. From the start it was notice- 
able that this type of firing was unsuited to the required 
high ratings. A trip of inspection to the United States, 
where wood burning is carried on along a similar large 
scale,* yielded no fundamentally new suggestions and 
served to prove that burning wood in suspension was 
not practicable for the plant in question, considering 
the characteristics of the waste and the large loads 
desired. Small vertical grates were then installed 
under two of the old boilers and their capacities in- 
vestigated. It was found to be possible during the 
trial runs to obtain about 18,000 Ib of steam per hr 
on a grate area of 54 sq ft, by the use of air heated to 
300 F without having to make any material changes in 
the grates. 

The combination of coal and wood firing was the next 
problem to be determined. In this the price of fuel 
became an essential element when considering the type 
of coal firing. The Oberschlesische coals when burned in 
pulverized form cost about 10 to 11 Krona ($2.68 to 
$2.95) per ton for the same Btu value, and coals suitable 
for grate firing with good efficiency about 13 to 14 
Krona ($3.48 to $3.75) per ton at the factory. 

For solving the problem of combining wood and coal 
firing, proposals were obtained from boiler firms and 
those manufacturing combustion apparatus throughout 
Europe. The method of firing was left optional but the 
following requirements had to be met: 

1. Both methods of firing must be capable of working 


2See also Vgl. auch Lintschevskij, Arbeitsweise von Feuerungen fiir Holz 
obfalle. Izv. Teplotechn. Inst., Vol. 3, p. 278, 1932. 

3See Vgl. H. Heitler, Holzfeuerungen in Deutschland und Amerika. Arch. 
Wermseutchel, Vol. 13, p. 123, 1932. 
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either independently or in combination. Particularly 
to be avoided was overheating of the wood grate by 
radiation from the furnace flame when coal alone was 
being burned. Also the ashes from the coal should 
not fall upon the wood grate or upon the wood fire and 
thereby stifle it. 

2. The specified steaming load must be generated 
within the floor area of the old boiler house. 

3. The new high-pressure installation must be 
erected without interrupting the manufacturing process. 

The proposals submitted by the individual firms in- 
cluded traveling grates as well as pulverized fuel firing. 
The most desirable combination of coal and wood firing 
was the pulverized fuel fired Lopulco steam generator, 
which was able to fulfill the above conditions without 
question. The erection of the boiler, mill and drying 
installation with all appurtenances was carried through 
in accordance with the recommendations of the Kohlen- 
scheidungs-Gesellschaft mbH Berlin. The saving due 
to the use of pulverized coal alone when compared 
to the use of unpulverized coal, amounted to over 61,000 
Krona (over $16,000) a year, or 4.2 cents per 1000 Ib of 
steam without considering that under continuous load a 
higher efficiency may be obtained by the use of pul- 
verized fuel firing. 

Fig. 2 shows three cross-sections through the boiler 
house. In the center is a section through the steam 
generator with the wood firing portion built on the front 
side, on the right is the steam generator and on the left 
is a view of the drying plant erected on the rear of the 
steam generator. Fig. 3 shows on the right a longitudi- 
nal section through the three steam generators and on the 
left a view of the Raymond mills with their accompanying 
separators and bunkers erected at the rear of the steam 
generators. 

It is of interest in this regard to make a comparison of 
the new and old plants. While the old plant occupied a 
ground area of 1330 sq yd, produced a maximum of 
132,000 lb of steam per hr, inclusive of Ljungstrém 
air preheaters, the new plant produces with only three 
steam generators up to 400,000 Ib steam per hr,* on a 





_ The performance guarantees of 110,000 lb per hr for the boilers was con- 
siderably exceeded. A capacity of 130,000 lb per hr was easily attained. 
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ground area of 775 sq yd, including the entire prepara- 
tion plant and the bunkering of raw and pulverized coal. 
The capacities of the old and new plants are as follows: 





New Boiler Plant Including 
Old Boiler Drying, Grinding and Stor- 
Plant ing the Coal 
Steaming capacity, lb per hr per 
sq yd of boiler house ground 
area 99 516 


Description of the Installation 


Steam Generator. The new installation includes three 
Lopulco steam generators with corner firing and a half- 
gas wood firing furnace of the Malm type. Each steam 
generator when firing pulverized coal alone develops 
normally 73,000 lb of steam per hr, a continuous maxi- 
mum of 81,000 Ib per hr and a peak of 110,000 Ib per 
hr. They operate at 580 lb per sq in. gage and 800 F 
with a feedwater temperature of at least 212 F and 
normally 329 F. Each steam generator has 2075 sq 
ft of radiant heating surface, and a total of 7300 sq ft 
effective heating surface. At peak load the furnace 
combustion rate is about 38,000 Btu per cu ft. The 
furnace is completely lined with 3'/,-in. tubes which are 
fed from the lower generator drum. The rear wall is 
directly connected to this drum, the front wall is fed 
through the slag screen and the side walls through 
connectors lying below the slag screen. The bottom of 
the furnace is separated from above by a slag screen 
consisting of two rows of 4-in. tubes. Sufficient convec- 
tion surface is provided below the superheater to properly 
shield it, which surface is fed from the front wall tubes. 

These furnace roof tubes, together with the rear wall 
tubes, cross the path of the gases before they enter the 
main bank of tubes of 4720 sq ft of heating surface in 
back of the rear furnace wall. A steam separator drum 
is located above and connected with the steam and water 
drum of the generator by a group of 3'/,-in. tubes. 

Superheater. The superheater is built up of three 
parts so that the steam temperature may be regulated 
by means of a spray. When firing wood and with com- 
bined firing and for all possible combinations of coal- 
wood mixtures, the regulation must maintain a constant 
superheat. Regulation had to be supplied because a 
markedly greater quantity of products of combustion 
result from the wood firing. Bypassing the superheater 
was not considered because of the resulting decreased 


efficiency involved. The superheater has 138 loops of 
15/s-in. outside diam tubes arranged in three groups. 
Saturated steam enters the lower loops of the two outer 
groups, flows through the desuperheater, and finally 
through the third part of the superheater, entering first 
those loops which lie in the hottest temperature zone. 
The desuperheater spray is regulated by a Spruhrscher 
regulator. For safety, additional hand-controlled sprays 
are provided between the steam separator drum and 
the superheater for possible use at peak periods when 
wood is being fired. 

Atr Heater and Bowler Accessories. Each boiler is 
provided with a rotating air heater of the Ljungstrém 
type of 32,000 sq ft heating surface which heats the 
combustion air to 600 F. This type of preheater was 
chosen by the customer because it has been found in 
Sweden to meet satisfactorily the peculiar difficulties 
incurred in waste-wood firing. 

The ash accumulating in the furnace bottom is re- 
moved by a mechanical conveyer, the ash being quenched 
with water. The quenching water serves as an air 
seal to the furnace. Each furnace has an integrally 
built-in slag remover and means are provided for re- 
moving the fly-ash deposited below the turn of the gases 
under the convection bank. 

Soot blowers located within the front water wall serve 
to keep the walls, slag screen and roof tubes clean and 
the usual soot blowers are distributed throughout the 
generator. Single soot blowers are located on either 
side of the generator ahead of the superheater and three 
on either side of the convection bank for cleaning that 
surface. 

Pulverized Coal Firing. The generators are fired 
with the well-known Lopulco system of corner firing 
in which the fuel-air mixture is blown from the four 
corners in two layers toward the middle of the furnace. 
Secondary air envelopes the fuel nozzles and additional 
air nozzles are provided above the burners which give 
the gases added turbulence. The pulverized coal is 
fed from the bunkers by feeders the speed of which 
may be varied between the limits of from 3 to 18 rpm. 

Each boiler has two feeders each of which supplies one 
burner group. At low loads only one feeder is used 
and, therefore, only one burner group. The advantage 
of this is that a high CO, may be maintained at partial 
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Fig. 3—Sectional views showing steam generators on.right and Raymond mills on left 


loads, because the primary air is less and the secondary 
air may be throttled to the lower layer of burners. The 
resulting combustion is not noticeably poorer as a conse- 
quence because the turbulence becomes greater due to 
the relatively higher entrance velocity. Special dis- 
tributors within the ducts feed equal parts of the dust- 
laden primary air to the burners. 

Wood Burning. The wood firing installation extends 
out in front of the steam generator and consists of a 
vertically inclined grate of 186 sq ft area and a flat 
grate of 41 sq ft area. The vertically inclined grate 
is covered with grate bars which overlap one another 
similar to those in a chain grate. The grate bars are 
hollow, are interconnected by nipples and cooled by 
water. The circulating water may be controlled by hand 
in order to cool those parts of the grate which are sub- 
ject to the heaviest work. The cooling water is con- 
ducted to the finishing plant and is there used for cleaning 
the logs. Water cooling was supplied in order to assure 
successful operation of the wood furnace when the 
drying tower for drying the waste wood was. not in 
service. Consideration had to be given to using the 
wood with a high water content such as occurs when 
delivery is made by water in summer. Under such con- 
ditions the grate will be heavily taxed in certain spots, 
as will be shown later. The horizontal grate is made up 
of ordinary polygonal bars. 

Primary air is introduced under the grate on both 
sides. The air chamber is divided longitudinally into 
four zones and transversely into two zones so that the 
primary air may be easily proportioned to direct the 
progress of gasification. With dry wood, the primary 
air requirements are only 2 to 3 per cent but increase 
rapidly with increased water content of the wood. The 
distilled products leave the wood-burning furnace and 
enter the generator through the slag screen where they 
meet the secondary air supply issuing from the corners 
of the generator furnace with which they are then 
thoroughly mixed and completely burned. 

Drying and Grinding Installation. The coal, which 
ordinarily contains 5 to 8 per cent and, at most 12 to 15 
per cent, moisture, as delivered, is dried to 2 per cent 
moisture by means of a tubular drier of 16.5 tons per 
hour capacity. The coal is pulverized in two Raymond 
roller mills of 8.8 tons per hour capacity to a fineness of 
20 per cent retained on a 200-mesh and 3 per cent on a 
100-mesh sieve. Each mill has four oil-lubricated 
‘ pendulums, the spider pins supporting the pendulums 
being protected from dust penetration by means of an 
air screen. The bunker system was chosen so that 
grinding and drying the coal could be done during the 
time when the plant was least loaded, that is, at night. 

The boiler plant was erected in three parts so that 
operation of the factory would not be interrupted. Fig. 
1 shows the first steam generator after completing the 
setting. One of the old boilers is visible in the right 
foreground. To the left in the foreground lies the saw- 
dust conveyor, a specially designed drag which conveys 
the waste wood from the drying tower to the boiler 
room. 


Operating Expertences 


In October 1931, the plant was started on pulverized 
fuel without the appearance of any difficulties even 
though the first generator was operated at a consider- 


12 





ably higher rating than maximum, while the second 
boiler was being installed. The entire process was de- 
pendent upon it. When burning wood, a thorough 
turbulence was produced by the secondary air issuing 
from the four corners of the generator furnace, whereby 
a thorough mixing of the products of combustion oc- 
curred and but little excess air was needed. Measure- 
ments showed 17 per cent CO: at the boiler outlet, 
without any trace of CO or Oz. 

It was found that the water-cooled grate as described 
was well suited for burning wood of a moisture content 
of from 50 to 60 per cent. Burning wood of such high 
moisture content is first a handling problem and secondly 
a burning problem. In the preliminary experiments 
it was found, because of the variable composition of 
the waste wood made up of a fine wet sawdust, shavings, 
coarse pieces or chips and bark, that holes easily appear 
due to wedging of the bark in the layer, through which 
holes the combustion air jetted and burned the distilled 
gases. Because of this, temperature of 4000 F and more 
may occur, which would require an unnecessarily small 
free area through uncooled grate bars and particularly 
when a primary air temperature 400 to 600 F is used. 
It was also found that such difficulties are not to be 
expected when burning wood of only 25 to 35 per cent 
moisture content. 

The water-cooled grates permitted a continuous rating 
of 55,000 Ib of steam per hr with wood having 50 to 
55 per cent moisture content without experiencing any 
of the above difficulties. This steaming capacity does 
not, however, establish an obtainable limit, because 
part of the waste wood had to be burned under the old 
boilers. It may be assumed that upon completion of 
the plant, during normal operation, a steaming capacity 
of 80,000 lb per hr may be obtained when burning 
wood of 40 per cent moisture content, without burning 
any pulverized coal, and with a primary air temperature 
of 650 F. 

In generator No. 3 troubles arose due to unsuitable 
feedwater. The water was composed of 95 per cent 
condensate, all apparatus in the factory being connected 
into a ring circuit and practically all condensate returned. 
After completing the trial operation, pitting showed up 
in the generator tubes and was most marked within the 
rear downcomer tubes of the convection bank, thence 
continuing in the water screen and front wall tubes and 
in the feedwater trough. The pitting was uniform 
without scale formation. It appeared particularly active 
at the entrance to the tubes where a deformation had 
occurred due to rolling. Large quantities of sludge 
which contained about 95 per cent of iron oxide, Fe:Os, 
were formed in the upper drum. Exhaustive observa- 
tions established the fact that acid attacks were involved 
which were caused by the organic constituents in the 
water. 


The soda-house, waste-heat boilers are fed by raw 
water from the meadows whose composition is typical of 
the surface water of Northern Sweden. The raw water 
has an average of 4 deg carbonate hardness, 2.5 deg 
non-carbonate hardness and 80-100 ppm _perman- 
ganate. It is fed to the old boilers without any treat- 
ment after having been de-gassed. Condensate for the 
high-pressure generators is gathered in a tank of 7000 
cu ft capacity which is adapted to be used under 11 to 
43 lb per sq in. gage pressure as a reserve feed and the 
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condensate is therein de-gassed down to less than 0.1 
ppm of CO, by means of steam blown in from the 
turbine by a special device. A quadruple-effect evapora- 
tor supplies the required make up water. The water 
was then used in the generators without further treat- 
ment reaching a concentration of 800 to 1000 ppm. 

The natural humus compounds which appear in 
meadow water as part free humus acids, part lime salts, 
and which may impart considerable acidity to the raw 
water, are converted to free acids with rising tempera- 
tures and act as a solvent to the boiler material. Ex- 
periments showed a pH value of 6.0 to 6.9 for the feed- 
water and 5.4 to 6.4 for the boiler water. 

These appearances were not discovered in the old 
boilers because they worked only under 128 Ib gage 
pressure and a corresponding temperature of 350 F. 
Temperatures of from 400 to 500 F do not seem to 
influence the complicated reactions which spoil the 
boiler water. There had been no experience with such 
waters in high-pressure installations of other plants. 


TABLE I—TESTS OF THE NEW STEAM GENERATORS 





Date Oct. 20, 1932 Oct. 27, 1932 
Steam Generator K2 K 2 
Steam quantity corrected, lb per hr 77,000 108,000 
Steam pressure in the upper drum, lb per sq in. 455 533 
Steam temperature before the spray regulation, F 605 664 
Steam temperature after the superheater, F 766 797 
Feedwater temperature, F 322 241 
Coal fired, Ib per hr 8,980 13,220 
Lower heat value of the coal, Btu per lb 10,800 11,330 
Gas temperature after the air heater, F 343 401 
CO: content at generator outlet, per cent 14.5 15.0 
CO: content after the air heater, per cent 13.5 14.0 
Primary air temperature, F 248 230 
Primary air pressure, in. of water 15.2 17.3 
Secondary air temp,before air heater, F 81 82 
Secondary air temp after heater, F 536 617 
Secondary air pressure before air heater, in. of 

water 2.36 4.45 
Secondary air pressure after air heater, in. of 

water 1.58 2.76 
Draft under furnace roof, in. of water 0.12 0.14 
Draft at generator outlet, in. of water 0.87 1.81 
Draft after air heater, in. of water 1.14 2.56 
Efficiency, per cent 87.6 86.5 
Losses due to unburned combustible in the 

furnace and in fly ash, per cent 1.9 , a 
Gas loss, per cent 8.1 9.5 
Remaining losses, per cent 2.4 1.9 


To guard against corrosion, the feedwater is made 
alkaline by addition of sodium hydrate and trisodium- 
phosphate. At times the generators carry an alkalinity 


of 100 to 200. The pH value of the feedwater varies be- ' 


tween 6.5 and 7.5 which brings the boiler water up to 
between 9.5 and 10.5. About 20 ppm of trisodium- 
phosphate is added. After correcting the water condi- 
tions, all pitting and allied difficulties ceased. 


Test Results 


Official tests have not as yet been made on the steam 
generators, because preliminary tests showed that the 
guarantees would be materially surpassed. Table I 
gives the data of those tests for 77,000 lb and 108,000 
Ib per hr of steaming capacity. Fig. 4 shows graphi- 
cally the guaranteed and test performances recalculated 
to a feedwater temperature of 329 F. The guaranteed 
efficiencies were: 


72,600 lb per hr and 329 F feedwater 86 per cent 

81,400 Ib per hr and 329 F feedwater 84 per cent 
110,000 lb per hr and 212 F feedwater 75 per cent 
Test performance showed: 

77,000 lb per hr and 322 F feedwater 87.6 per cent 
108,000 Ib per hr and 241 F feedwater 86.5 per cent 


For the test at 77,000 lb per hr the total loss of un- 
burned combustible in the furnace and in fly ash was 1.9 
per cent and for the peak 2.1 per cent which is con- 
sidered very good for the coal fired. 
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The peak capacity of the mills was 9.9 tons per hour as 
against 8.8 tons per hour guaranteed. The mill input 
for that performance was 9.4 kwhr per ton and the fan 
input 5.8 kwhr per ton. 

A considerably higher overall economy of the plant 
was realized by the new installation. With the price of 
coal of from 11 to 15 Krona ($2.95 to $4.02) per ton the 
steam cost is about 1 to 1.25 Krona ($0.27 to $0.33) per 
1000 lb. The average costs of current with back pres- 
sure and when running condensing is respectively 0.53 
and 0.63 Ore ($0.0014 to $0.0017) per kwhr, inclusive 
of all outside heat, starting and stopping losses, whereas 
the quoted hydro-electric power amounted to 1.5 Ore 
($0.004) per kwhr. Because of the generation of its 
own power, the plant realizes an annual saving of 370,000 
Krona ($99,160) over the cost of power had it tied into 
hydro-electric network. The total annual saving by 
converting the plant to a pulverized coal installation and a 
back-pressure power plant is estimated to at least 
amount to 505,000 Krona (over $135,000) or 4.70 
Krona ($1.25) per ton of cellulose. 


Summary 


The boiler installation described, when considering 
combined pulverized coal and wood firing and its ca- 
pacity, represents the most modern and probably the 
largest installation of its kind in the world. It fur- 
nishes proof, that large firing capacities are undoubtedly 
safe even when such difficult requirements are imposed 
as burning wood with 50 to 60 per cent water content. 





Revised Values in Detroit Turbine 
Performance 


Subsequent to publication of the A.S.M.E. paper by 
W. A. Carter and F. O. Ellenwood on ‘‘The Thermal 
Performance of the Detroit Turbine Using Steam at 
1000 F,”’ in the December issue we have been informed by 
the authors that they have recalculated Table VI with 
the result that certain changes appear in the values con- 
tained in columns 19 and 21. Also, the very similar 
curves in Figs. 6 and 7 were inadvertently transposed. 
Those interested may procure an errata sheet containing 
the revised values by addressing W. A. Carter, Detroit 
Edison Company, 2000 Second Avenue, Detroit, Mich. 
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Corrosion in Steam Generating 
Stations and Its Correction” 


By SHEPPARD T. POWELL 
Consulting Chemical Engineer 
Baltimore, Maryland 


HE control of corrosion of ferrous and non-ferrous 
metals in all steam stations is a major problem 
requiring intimate knowledge of the fundamental 

causes of such action. So many factors influence corro- 
sion, that there can be no single remedy and each case 
must be diagnosed and controlled with regard to local 
conditions. Corrective measures depend, therefore, on: 
(a) an intelligent analysis and evaluation of the factors 
involved, and (0d) specific correction and control of 
conditions responsible for the losses sustained. 


Theory of Corrosion 

Many theories have been advanced to account for the 
corrosion of metals. The electrochemical theory, now 
generally accepted, was suggested about thirty years 
ago by Whitney! and has since been confirmed by 
experience and subsequent investigation. Briefly stated, 
the explanation is, that,” 

“All metals in contact with water have a specific 
solution tension, that is, they exert the power to go into 
solution. When this reaction takes place, the metal that 
has dissolved in the liquid is in the form of ions.* This 
action may take place when the metal and water are 
chemically pure. Under these conditions, the rate at 
which the metal dissolves is very slow. The solution 
tension is influenced greatly by impurities in the metal 
and in the electrolyte. The solution of pure iron in 
water according to this theory, takes place in the follow- 
ing way. 

“Iron dissolves only by displacing another metal 
which is already in solution in the electrolyte. This 
.may be noted by submerging iron in a copper solution. 
When this is done, the iron goes into solution in the 
electrolyte and the copper is deposited upon the iron. 

“Water (H:O)*® when ionized forms hydrogen ions 
H* and hydroxyl ion OH.~ The iron in contact with 
the water goes into solution as ferrous ions, and an 
equivalent number of hydrogen ions (the hydrogen 
being considered a metal) are discharged and plated 
out upon the surface of the iron. The ferrous ions in 
contact with the OH ions form ferrous hydroxide. In 
the presence of oxygen, ferrous hydroxide is oxidized 
to ferric hydrate (ordinary rust). 


* All Rights Reserved by the Author 

1 Whitney, W. T., ““The Corrosion of Iron,’’ Jour. Amer. Chem. Soc., Vol. 
25, pp. 394-406, 1903. 

2 Powell, S. T., “‘Boiler Feed Water Purification,’”” McGraw-Hill Book Co. 
1927, pp. 245-248. 

? Atoms or atom groups carrying charges of static electricity. If the ions 
have a positive charge, they are termed ‘“‘cations’”’ and if they carry a negative 
charge, “‘anions.”’ 

4 When the metal is in contact with water, the water is the electrolyte. 

’ For the purpose of illustration, the formula for water may be written 
HOH which ionizes to H*OH™. 
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The electrochemical theory of corrosion 
is reviewed and pH values explained. 
Removal of oxygen by deaeration, supple- 
mentary sulphite treatment and methods 
of determining dissolved oxygen are dis- 
cussed, as is also the value and applica- 
Mill scale, 


while protective if completely covering 


tion of protective coatings. 


the surface, as it usually occurs, is likely 
to promote localized corrosion, hence 
should be completely removed by pickling 


or sandblasting. 


‘“‘When the hydrogen deposits upon the surface of the 
iron the metal is polarized, and no further corrosion of 
the iron results until the layer of this gas is removed. 
In the presence of oxygen, the hydrogen is removed 
by combining chemically with the oxygen to form water. 
The hydrogen may be removed also by passing away as 
gaseous hydrogen. In these ways, the hydrogen is 
removed as it forms and the corrosion is progressive. 

“In the presence of oxygen, the iron that has gone 
into solution in the water in contact with the metal 
is readily oxidized, forming the insoluble compound 
known as rust. When rust deposits form on iron, the 
corrosive action is somewhat retarded, since these 
deposits may act as a protective coating to the metal. 
Corrosion of iron is not entirely prevented, however, 
by these rust deposits, and corrosion may and usually 
does proceed beneath rust nodules.*® 

“Practically all natural waters contain oxygen and as 
such are corrosive to a greater or lesser degree. As has 
been stated previously, the rate of solution is affected 
by the impurities in the metal and in the electrolyte. 
Because of these facts, the solution tension is consider- 
ably different at different portions of the material. 
The solution tension is increased in some areas and 
decreased at others. Due to these conditions, electric 
currents may flow from one area to another, the elec- 
trolyte serving as the conducting medium. This is 
equivalent to the action of an ordinary wet-cell battery. 
The metal passes into solution in the electrolyte at the 
electropositive area (the anode), the hydrogen ions 
migrating to the negative areas and the hydroxyl ions 
to the positive area. 

“From the foregoing discussion it will be noted that 
oxygen dissolved in water has considerable effect in 


* Baylis, J. R., Jour. Amer. Water Works Asso., June 1926. 
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accelerating corrosion. The rate at which corrosion 
proceeds in boiler waters containing a specific amount 
of oxygen will not be the same in all cases. This con- 
dition is influenced by the hydrogen-ion concentration 
of the water (acidity), the incrusting solids in the water 
supply, the method of operation of the boiler and 
many other factors, all of which affect to a marked degree 
corrosion losses.”’ 

The determination and evaluation of hydrogen ion 
concentration of water (pH) has been more or less of a 
routine procedure in the chemical profession for a 
number of years. It is only recently, however, that the 
value of these data has been recognized by engineers. 
Since the hydrogen ion concentration of water is a 
measure of ionized hydrogen and therefore a function 
of the active acidity of water, it is apparent that a clear 
conception of the meaning of this term is essential for a 
comprehensive understanding of corrosion phenomenon. 
Actually, the hydrogen ion concentration of a liquid is a 
measure of alkalinity or acidity. It is a true measure 
of the actual amount of ionized hydrogen and indicates 
the grams per liter of ionized hydrogen in the solution. 
To simplify the explanation,’ we may consider water 
(H2O) as consisting of H OH. 

“‘According to the theory of electrolytic dissociation, 
when water is ionized it contains hydrogen ions® ex- 
pressed as H and hydroxyl ions OH. When there 
is exactly the same number of H ions and OH ions, the 
solution is neutral. When there are a greater number of 
H ions than OH ions, the solution is acid and conversely 
the solution is alkaline when the OH ions are in excess 
of the H ions. Since an acid reaction is due to the pres- 
ence of H ions in solution, the acidity increases as the H 
ions increase. The difference between strong and weak 
acid is due entirely to the extent to which they are 
ionized. The more completely an acid ionizes in solution, 
the greater the hydrogen ion (H ions) of that solution. 
Similarly, the hydroxyl ions (OH ions) are an index of 
the bases. 

“The hydrogen-ion concentration® of pure water is 
0.0000001 grams of ionized hydrogen per liter. This 


may be expressed also as 10~" or a; or as the log of 


1 + 0.0000001 equals log of 10,000,000, which is 7.0. 
This, therefore, is the neutral point on the pH scale. In 
order to simplify expression of the hydrogen ion loga- 
rithmically, the H ion of pure water is stated merely 
as the logarithm of the reciprocal of H-ion concentration 
expressed in grams of ionizable hydrogen per liter. 
Since the expression of the pH numerically is in an invert 
logarithm, it decreases as the H ion increases. Acid 
solutions have a smaller numerical value, therefore, 
than 7.0 and alkaline solutions have a pH value greater 
than 7.0. 

“This determination has a specific sphere of usefulness 
in the control of boiler feedwater, since it indicates the 
active acidity or alkalinity of a water which is not dis- 
cernible by ordinary chemical analyses. The electro- 
lytic determination of the H-ion concentration consists 
of measuring a potential difference or electromotive 





7 Powell, S. T., ‘‘Boiler Feed Water Purification,” McGraw-Hill Book Co., 
1927, p. 315. 

8 An atom or an atom group that will carry an electric charge. 

® For a technical discussion of this subject read ‘““The Determination of 
Hydrogen Ion,” by W. Mansfield Clark, Williams and Wilkins Company, 
Baltimore, Md. Also “‘The A, B, C of Hydrogen-ion Control,”” LaMotte 
Chemical Products Company, Baltimore, Md. 
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Fig. 1—Photograph of a section of water line showing the 

effect of aggressive corrosion resulting from water having a 

PH value of 6.6 and a high oxygen content. Line in service 
three months 


force between two electrodes which form the extremities 
of a so-called gas chain. 

“This depends upon the fact that when a metal is in 
contact with an aqueous solution containing dissociated 
ions of that metal, there is an electromotive force set up 
between the metal and the solution, which varies accord- 
ing to the concentration of the ions of this metal in the 
solution. This electromotive force can be measured, 
and by means of the proper formulas the ionic concen- 
tration of this metal in the solution can be determined. 
Hydrogen acts like a metal in this respect when brought 
into electrolytic contact with an aqueous solution. 
This is accomplished by immersing a platinum electrode 
(platinum foil, coated with platinum black) in the solu- 
tion and allowing a constant stream of hydrogen to 
bubble over the platinum. Because of the affinity of 
platinum for hydrogen, it takes up enough of the gas to 
act as a hydrogen electrode. The electromotive force 
established between this electrode and any aqueous 
solution with which it is in contact is inversely propor- 
tional to the H-ion exponent (pH) of that solution.” 

High concentrations of hydrogen ions tend to in- 
crease the corrosion of the metal due to the fact that an 
increase of hydrogen ion means higher acidity of the 
solution. This in turn accelerates the deposition of 
atomic hydrogen and since atomic hydrogen deposits, 
as iron ions, go into solution, it follows therefore that for 
each ion of metal which passes into solution, there is 
deposited or plated out one electric equivalent of hydro- 
gen. Any agent which increases the rate of deposits of 
hydrogen on the metal permits an increase in the solu- 
tion of the metal. This phenomenon is influenced by a 
great variety of factors, the importance of which varies 
under local conditions. Alkalis retard the corrosion of 
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iron and steel and, other things being equal, the rate 
of corrosion greatly diminishes as the concentrations of 
alkalis are increased. It follows, therefore, that it is 
desirable at all times to assure sufficient alkalinity in the 
feedwater represented by high numerical pH values. 
It has been demonstrated that in order to insure mini- 
mum corrosion rates, the pH value of the water should 
be above 9.5. This value, however, should not be taken 
too literally, since the control of corrosion may not be 
effected merely by the maintenance of a specific pH 
value of the water entering boilers. Summarizing the 
results of experience and existing knowledge of corrosion 
phenomenon, the two most important factors for the 
inhibition of active attack of boilers is the control of the 
pH value of the feedwater and concentrated boiler 
water salines and the completeness of deaeration of the 
feedwater supply. The establishment of maximum pH 
values and minimum dissolved oxygen concentrations 
of water which will insure complete inhibition of corro- 
sion is difficult, if not impossible, since many other 
factors influence this phenomenon. If, however, the 
residual dissolved oxygen in feedwater is limited to a 
maximum of 0.01 cc per liter and the pH value of the water 
is maintained at 9.5 or higher, active corrosion will not 
be experienced. Unfortunately, such control may not 
always be effected owing to the limitations of the avail- 
able equipment and the specific operating conditions 
encountered. 


Reduction of Corrosion Losses by Deaeration 


There has been a marked trend in recent years toward 
better oxygen removal from feedwater by the develop- 
ment of deaerating heaters. Such equipment is now 
considered essential in all modern steam-station practice. 
Unfortunately, our analytical methods for determining 
small amounts of oxygen in water have not kept pace 
with other developments in the art. For this reason, 
it is often difficult to diagnose accurately the primary 
causes of corrosion and the influence of dissolved oxygen 
in small amounts because of faulty analytical procedures. 
It is doubtful if oxygen in amounts less than 0.01 cc 





Fig. 2—Comparative corrosion of iron test plugs before 
(left) and after (right) deaeration of boiler feedwater. 
Test samples exposed six months 
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per liter can be determined accurately by the existing 
analytical test procedures, so that it is difficult to de- 
termine the completeness of deaeration effected even in 
the best type of deaerating heaters. 

Supplementary deaeration to remove the last traces 
of oxygen by chemical compounds is now attracting 
attention. The deaerating chemicals most used are 
ferrous salts, tannin compounds and sulphites. These 
chemicals have merit for clearing up the last traces of 
oxygen, but our knowledge of the chemistry involved, 
especially in reference to the velocities of the reaction, 
is limited. Recent investigation has demonstrated that 
the removal of the oxygen by sulphites is not directly 
proportional to the amounts indicated by the theoretical 
chemical reaction. It has been demonstrated that two 
or three times the amount of sulphite over the theoretical 
combining reaction may be required to remove a given 
amount of oxygen. Further, the reactions, contrary to 
general assumption, are not instantaneous. The problem 
of determining the efficacy of oxygen removal by sul- 
phites is complicated, since at the present time, there are 
no simple and accurate methods’ of analyses for de- 
termining dissolved oxygen in the presence of this 
chemical. 

A few steam stations using supplementary sulphite 
treatment for complete deaeration have reported satis- 
factory results. These plants are under good technical 
control. Removal of oxygen by sulphite or other 
chemicals is not advised as a substitute for well-designed 
open or deaerating heaters. Chemical deaeration should 
be considered merely as a supplementary form of treat- 
ment for the final removal of traces of oxygen and 
should only be applied where mechanical deaeration is 
not sufficiently complete to avoid accelerated corrosion. 

Unaccountable corrosion losses may occur even after 
efficient deaerating equipment is installed. Frequently, 
these conditions are the result of re-entrainment of oxygen 
beyond the deaerator. Reciprocating pumps are often 
responsible for re-entrainment of oxygen into the feed- 
water and under certain conditions oxygen contamination 
will occur through water seals on centrifugal pumps. 

In conducting a corrosion survey it is always desirable 
to test feedwater not only at the suction, but on the dis- 
charge side of the pumps. Fig. 3 is a graphic illustration 
of the amount of re-entrainment of oxygen in feedwater ' 
through leaky glands of a reciprocating pump. Such 
failures are much more prevalent in power stations 
than is recognized by station operators and correction of 
contamination at this point in feedwater systems will 
do much to lessen corrosion losses. In old pumps it is 
quite difficult to keep glands tight. Contamination 
with oxygen can be largely eliminated in such cases by 
reconstruction of the pumps permitting sealing of the 
glands with hot water. 

At times erratic oxygen results in feedwater will be 
obtained although the deaerating equipment may be 
functioning at a maximum efficiency. The trouble may 
be traced to the intermittent discharge of bubbles 
of air which accumulate slowly at the high point on the 
pump casing. In order to assure accurate sampling, it is 
necessary to remove trapped air by opening the pet- 





10 Two methods, for the determination of dissolved oxygen in the presence 
of sulphite, will be found in Zeitschrift fiir Analytiche Chemie Band 90 7 and 8 
Heft (1932). These articles are entitled ‘‘The Determination of Oxygen in the 
Presence of Sulphite’’ page 241 by L. W. Haase, and ‘“‘The Determination of 
Residual Oxygen, in Deaerated Sulphite containing feedwater, with the help 
of anew simple apparatus”’ page 246 by W. Wesley. 
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cocks at the top of the casing above the individual stages 
of the pump. 

Although the determination of dissolved oxygen by 
the Winckler method is relatively simple, accurate 
analysis requires particular care in the technique em- 
ployed, especially where it is necessary to determine 
oxygen in amounts less than 0.03 cc per liter. The 
following precautions should be taken in order to insure 
accurate results: 

1. Only chemicals free from oxidizing impurities 
should be used. 

2. Water for making test solutions should be free 
from nitrites, sulphites, organic matter, ferrous or ferric 
iron. 

3. Samples should be drawn through copper tubing 
and all joints should be brazed wherever possible. 

4. Sampling cocks and unions should be made tight 
by shellacking. 

5. New lines should be flushed out 24 hr before using. 

6. Red lead used for making joints tight will introduce 
a large error. Samples which must be drawn through 
such a pipe line should be flushed out for one or more 
days before the test is made. 

7. Water containing 1 ppm or more of ferrous iron 
or 0.1 ppm or more of nitrite nitrogen should be tested 
by the Rideal-Stewart modification!' method. 

8. New rubber tubing should not be used, since 
appreciable errors are introduced from dissolved sulphur. 

To what extent corrosion losses in high-pressure 
boilers occur as a result of direct oxidation by decompo- 
sition of steam, is difficult to determine without special 
study. Such losses probably do occur where high super- 
heat is developed. It is well known that black oxide of 
iron is formed when steam is dissociated. This takes 
place according to the following reaction: 

4H:0 


om 
Steam) 


FesO« 
(Magnetic Oxide 
of iron) 


plus 3 Fe equals 4 He plus 
(Iron) (Hydrogen) 


There have been only a few studies of this kind but 
observers indicated that such action is likely, although 
not of serious consideration. Below 750 F the volume 
of gas production by dissociation of water is probably 
negligible. At higher temperatures, conditions may 
occur in which hydrogen gas is evolved at a relatively 
rapid rate indicating active corrosion. C. H. Fellows 
reporting the results of experiments on ‘“The Dissocia- 
tion of Water in Steel Tubes at High Temperatures 
and Pressures’’!* drew the following conclusions: 

“1. The rate of decomposition of metal increases as 
the temperature of the surface over which the steam 
passes is raised. 

‘“‘2. The rate of decomposition of metal decreases as 
the thickness of the oxide formed on the surface in- 
creases. There is no evidence that this oxide attains 
sufficient thickness or imperviousness to completely 
protect the metal from further oxidation. 

“3. For practical consideration the variation in steam 
pressure within the limits used appears not to affect the 
rate of decomposition of the metal over which it passes. 

‘4, The decomposition of low-carbon steel under the 
conditions of the test proceeds at a much faster rate 
than that of chrome-steel used under the same condi- 


tions.’’ The author further states: 
11 This procedure is given in detail in the Standard Methods of Water & 
Sewage Analysis, 7th Edition, 1933, page 60. 


12 Reprinted from the Journa! of the Amer. Water Works Assoc., Vol. 21, 
No. 10, Oct. 1929. 
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Fig. 3—Increased dissolved oxygen content of feedwater due 
to re-entrainment of air through packing glands of a re- 
ciprocating pump 


“Expressed very roughly we find at steam velocities 
approximating 3000 ft per min, no hydrogen, no disso- 
ciation and consequently no oxidation of the metal from 
this cause. At velocities approximating 850 ft per min 
small quantities of hydrogen become evident and finally 
at velocities of the order of 25 ft per min we get relatively 
large quantities of hydrogen and severe corrosion of the 
low-carbon steel as used in these tests and of which 
superheaters are made. Since velocity of steam is an 
important factor in governing the metal temperature 
such observations indicate the probability of a very 
definite relation between velocity of steam and oxidation 
of metal through dissociation of steam.” 

These observations would indicate the desirability 
of similar studies in high-pressure steam stations en- 
countering corrosion losses not readily accountable to 
poor feedwater conditioning or other observed corrosion 
factors. 


Scale and Protective Coatings 


When the heating surfaces of boilers are covered 
with impervious and continuous deposits it is obvious 
that corrosion will be practically eliminated. There 
is no absolute assurance, however, that all types of scale 
will prevent corrosion, since such action can take place 
beneath scale when certain ingredients are present in the 
feedwater. Calcium nitrates, magnesium chloride and 
certain other compounds, when heated, may set up active 
corrosion and such corrosion can proceed beneath the 
scale. This form of corrosion should be avoided, since 
there is no indication of corrosive action and false pro- 
tection is indicated by the appearance of scale over the 
surfaces. Both magnesium chloride and nitrates gener- 
ate acidity in accordance with the following reactions: 


Ca(NOs) plus H:0 plus Heat = CaO plus 2HNO 
(Calcium Nitrate) (Water) (Calcium (Nitric 
and Oxide) Acid) 

MgClh plus H:0 plus Heat = MgO plus 2HCI 
(Magnesium chloride) (Water) (Magnesium (Hydrochloric 
xide) Acid) 


It is obvious that when these salts are present an acid 
is formed beneath the scale and the destructive attack 
on the metal may be very rapid owing to the fact that 
there is no opportunity for neutralization, even though 
the concentrated boiler water salines may be highly 
alkaline. 

Recently an investigation was made by the author of a 
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serious corrosion problem in an industrial boiler plant 
where nitrates in the feedwater resulted in the destruction 
of four 4000-sq ft boilers. The active attack on the 
metal was not observed until very serious damage had 
occurred. The analysis of the feedwater is given in the 
table. The scale from these boilers was removed at 
intervals but the metal surfaces were not completely 
cleaned, so that the extent of the corrosion was not 
observed. An examination of the sheets showed that 
the depth of the pits beneath the scale ranged from 
one-tenth to six-tenths of an inch. In addition to corro- 
sion of the plates, many of the rivet heads were corroded 
away almost completely. Similar cases have been noted 
where the feedwater contained magnesium chloride or 
was contaminated with magnesium chloride from con- 
denser leakage. Water supplies containing appreciable 
quantities of nitrates are not generally encountered, but 
nitrate waters are much more prevalent in some sections 
of the country than is generally recognized. It is 
unfortunate that more attention is not given to deter- 
mining nitrates and other constituents in water,. which, 
on decomposition, produce mineral acids. Few industrial 
water chemists make determinations for nitrates in 
routine analyses, so there is a dearth of information on the 
actual number of corrosion problems which may be 
traced to these constituents. 


Protective Coatings 


The use of protective paints and similar coatings have 
come into wide-spread use in recent years. Some of these 
compounds afford excellent protection to boilers and 
appurtenant equipment but others are worthless. When 
protective paints are properly compounded and the metal 
surfaces properly prepared, their use is warranted. 
The action of these materials is purely mechanical and 
when intelligently used, serve as a good second line of 
defense against corrosion. They should not be considered 
as a substitute for corrosion corrective measures avail- 
able for feedwater conditioning. The value of protective 
paints depends on three conditions: (1) absolutely 
clean metal surfaces, (2) careful application of the coat- 
ing and (3) the maintenance of thin layers of the 
protective material. If these conditions are not met 
the treatment is doomed to failure. It is doubtful if 
any coating has yet been developed which is completely 
impervious when in contact with water at elevated 
. temperatures, especially if the water contains high 
alkalinity. Some of the better known compounds offered 
for this service are, however, relatively insoluble and due 
to this property they offer considerable protection to 
boilers provided, of course, strict adherence is given to 
the method of application. When the metal surfaces 
are not clean or if the protective material is put on in 
too thick layers, the paint will not adhere or be bonded to 
the metal, and cracks in the surface of the coating will 
develop. Where such failures occur the water penetrates 
the protective layer and concentration of salts take 
place beneath the coating. Due to heat and the differ- 
ence in expansion of deposited salts and the protective 
coating, cracking is increased and the protective paint is 
eventually displaced. The metal is thus exposed in 
spots and accelerated corrosion may occur. Further, 
if cracking of the paint develops and the feedwater 
contains appreciable amounts of magnesium chloride 
or nitrates, active corrosion may develop beneath the 
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ANALYSIS OF FEEDWATER, CONTAINING NITRATES, WHICH 
RESULTED IN ACTIVE CORROSION BENEATH SCALE DEPOSITS 


Constituents Results in Parts Per Million 


Iron and aluminum oxides 7.5 
Silica 12.0 
Calcium sulphate 99.0 
Calcium carbonate 84.5 
Calcium nitrate 35.8 
Magnesium carbonate 20.0 
Sodium chloride 18.0 


Feedwater conditioning by internal chemical treatment, scale formation not 
completely controlled. 


coating similar to the corrosive action beneath scale. 
In view of these difficulties, it is highly important that 
the application of any form of protective coating should 
be most carefully controlled in order to secure protection. 

It is fairly well known that dissimilar metals in 
contact greatly accelerate rates of corrosion resulting 
in localized attack of the baser metal. For instance, 
when copper and steel are in contact the steel will be 
aggressively corroded with practically no loss of copper. 
The rate of the attack will depend on the hydrogen 
ion concentration of the electrolyte (the solution in 
contact with the metals), the dissolved oxygen present 
and other factors. 


Mill Scale May Promote Corrosion 


Since the composition of mill scale is different than 
that of steel and iron, mill scale in contact with ferrous 
metal, frequently sets up localized corrosion. Mié£ill 
scale probably is responsible for greater localized corro- 
sion than is experienced generally from other dissimilar 
metals in contact. Mi§ll scale, which consists largely 
of magnetic iron oxides, is not readily attacked and 
when it covers the entire surface of steel, serves as an 
excellent protective coating. 

The difficulty arising from mill scale is from patches of 
scale in contact with areas of steel which are not so 
protected. Actually what happens is that the two 
materials are in electrical contact and, in the presence 
of an electrolyte, an electric circuit is completed. When 
this occurs the mill scale becomes cathodic while the 
steel becomes anodic. When such a condition is set up, 
the mill scale or cathodic pole is protected, since it is 
plated with atomic hydrogen, while the other metal, in 
this case the steel, passes into solution. When such 
action takes place in boilers or appurtenant equipment, 
the iron or steel is aggressively attacked in the form 
of pitting, the corrosion taking place in exposed spots 
between the mill scale. 

To avoid this form of corrosion, mill scale should be 
removed prior to putting the equipment into service. 
Removal of mill scale can be effected by pickling with 
acid or by mechanical means such as sand blasting. 
In recent years the process of removing mill scale by 
acid has been improved by the use of inhibitors. These 
are organic compounds which permit more thorough 
removal of mill scale without appreciable attack on the 
metal. 

In view of the marked influence of mill scale as a factor 
in corrosion, it is surprising that more attention is not 
given to the preparation of the surfaces of metal in 
boilers and appurtenant equipment where the metal is 
in contact with electrolytes (water) containing salts in 
solution having high electric conductance. More 
attention to this particular phase of corrosion activity 
would greatly lessen corrosion problems in steam 
generating stations. 
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Progress in 


Steam Power Engineering 


HE generally depressed condition in business activity 

has retarded the design and construction of many new 

plants in both the utility and industrial fields. There 
have been, however, some interesting developments, 
from which we may conclude that certain progress has 
been made and certain trends indicated. 


Utility Central Stations 


Many of the public utilities had previously installed 
a greater capacity than the present depressed electric- 
power market requires, but in the interest of economy, 
both in operation and of first cost, there is a trend toward 
modernization of existing plants by various methods, 
including the superimposing of higher pressures and 
temperatures on existing cycles. 

For base-load stations, where the generating units 
operate at a fairly high unit factor and are not frequently 
taken out of service, pressures from 1200 lb to 1400 Ib 
with reheat at some intermediate stage are now ac- 
cepted as common practice. With the higher pressures 
and initial temperatures of 800 F or less, reheating is 
necessary for the sake of operating economy as well as 
to reduce the moisture and consequent damage to the 
turbine blading in the lower stages. However, it seems 
questionable whether the gain in thermal efficiency by 
going to higher steam pressures and reheat justifies 
the increased cost of the plant and complications in 
operation. “ 

For the variable-load station, the trend is toward 
simplicity of design, reliability of operation and economy 
both in installation cost and in operation. The station 
having single-shaft units with moderate steam pressures 
of 600 Ib to 750 lb and total superheat temperatures 
of 800 F to 850 F without the reheat cycle is better 
adapted to the poorer load factor. 

The trend in new station design, especially where the 
utility system has other large generating plants or is 
reliably interconnected with other systems, is toward 
the single boiler per turbine arrangement. 


Industrial Plants 


There seems to be an increasing appreciation on the 
part of industrial organizations that process steam, as a 
heat sump or reservoir, has a greater availability the 
year round than heating steam, and therefore is more 
suitable as a basis for power generation through the use 
of high-pressure turbines exhausting at process steam 
pressure. 

For industrial plants the trend is toward higher steam 
pressures and temperatures for power generation utiliz- 
ing the steam from the exhaust or from bleeder connec- 
tions for heating or process work. The pressures now 
frequently specified for plants up to 2000 hp range from 
400 lb to 600 Ib and steam temperatures from 650 F to 
750 F. 
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While progress in steam power engineer- 
ing during 1933 was restricted and lacked 
many of the spectacular accomplishments 
of some previous years, certain trends were 
evident which are likely to exert a marked 


influence on future practice. These are 


well covered in the recent progress report 
of the A.S.M.E. Power Division here re- 
produced. 


If the power requirements are relatively high to the 
process-steam requirements, pressures as high as 1000 Ib 
or 1200 lb may be used and total temperatures as high 
as 850 F; these conditions will allow expansion in a 
turbine to moderate process-steam pressures entirely 
within the superheated region. The extra cost of in- 
stallation of such high pressures and temperatures, 
however, may not be justified by the additional savings 
in the production of electric energy. 


Utility and Industrial Cooperative Plants 


There is apparently an increasing spirit of cooperation 
on the part of utility interests to negotiate and work 
with industrial corporations in the solution of economic 
engineering problems involving the supply of steam for 
industrial heating or process as well as electric power. 
The economic advantages of cooperative plants in cer- 
tain cases have been fully demonstrated, particularly the 
Deepwater plant and the plant referred to in Alden’s 
paper, “Broader Aspects of Planning Industrial Steam 
and Power Supply Projects,’! in which the over-all 
efficiency is very significant. 

The arrangement for interchange of power at the 
Schenectady Works of the General Electric Company 
with the Niagara-Hudson Power Company, in which 
the new and latest development of mercury-vapor tur- 
bine generator may be operated in conjunction with the 
utility system, is indicative of the trend of cooperative 
service, and in this particular case, with the sale of sur- 
plus industrial energy, it is expected to prove in practice 
the remarkable efficiency which the plant heat balance 
indicates. 

There must be many instances where utilities could sub- 
mit interesting propositions to industries for both steam 
and power and save the installation of condensing equip- 
ment by industries requiring more power than corre- 
sponds to their steam requirements. 


1 Presented at the Annual Meeting of The American Society of Mechanical 
Engineers, New York, N. Y., December 4 to 8, 1933. 
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Steam Boilers 


Significant progress has been made in continuity of 
operation. Pulverized-coal, fuel-oil, or gas-fired boilers 
have in many instances been on the line for five or six 
months. With stoker-fired boilers the period of con- 
tinuous service is usually somewhat shorter and is also 
more dependent on the characteristics of the coal. 

The trend in the design of large-capacity boiler units 
appears to be toward high pressures and temperatures, 
having a relatively small amount of boiler heating sur- 
face followed by a relatively large economizer section 
and a relatively large air preheater. Such boilers, when 
fired with pulverized coal, are equipped with a furnace 
slag screen designed to screen the boiler and upper part 
of the furnace from radiant heat, to collect ash, and to 
maintain high temperature in the combustion zone. 

The trend in industrial boiler installations of medium 
or smaller capacities is toward larger air preheaters 
and the elimination of economizers. The tendency also 
is toward a reduction in the relative heating surface of 
the boiler and a relative increase in the heating surface 
of the air preheater. 

Where economizers are used and the design permits, 
there is a growing tendency toward installing them with- 
in the boiler setting. Since most high-capacity units 
require the use of a high quality of feedwater supply, 
economizers of the continuous-tube type with no pro- 
vision for the cleaning of tubes are being built for this 
class of service. 

A new form of water-tube boiler has been developed 
for a range of capacities of from 7000 to 80,000 lb of 
steam per hour, which is particularly suitable for pul- 
verized-coal, oil or gas firing. These units incorporate 
a water-cooled furnace wall and floor, or ash screen, as 
an integral part of the boiler circulating system. 

Recent developments in the design of boiler drum 
baffles have resulted in a distinct improvement in the 
quality of the steam leaving the boiler. 


Superheaters 


The problem of uniform superheat at varying steaming 
rates of boilers is receiving active attention of boiler and 
superheater manufacturers. Attempts have been made 
to secure uniformity of superheat by control of the 
passage of furnace gases through the convection super- 
heaters, or by the proper proportioning of radiant and 
. convection surfaces with special reference to the loca- 
tion of the convection superheater tubes among the boiler 
circulating tubes. Separately fired superheaters are 
advocated to secure uniformity in temperature especially 
for superheats above 800 F. 


Boiler Furnaces 


Developments in powdered-fuel firing are largely in 
matters of detail of design, with considerations being 
given to the designs of direct-firing units which will 
approach the desirable characteristics of the bin and 
feeder types. 

While there have been no new principles of grinding 
established, pulverizers are being improved to reduce 
their power consumption and maintenance costs and to 
increase their availability for service. 

The matter of recovering the fly ash in communities 
where the ash from chimneys becomes a nuisance is 
still an economic problem and is far more difficult and 
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expensive than the recovery of cinders from the waste 
gases of stoker-fired boilers. 

Slag-bottom furnaces appear to be increasing in popu- 
larity in utility plants and in large industrial plants 
where the boiler units have a high load factor and the 
fusion temperature of the ash is not high. Medium 
capacity plants having a reasonably continuous load, 
such as paper mills, distilleries, etc., using a low-fusion- 
ash coal or a variety of coals, are also using slag-tap 
furnaces. 

For the burning of refuse kiln-dried wood, high heat- 
release furnaces have been developed in which the 
side walls are water-cooled with supported refractory 
facings between the tubes to provide a hotter combustion 
zone, the refractory surfaces being protected from erosion 
by the cooling effect of the side-wall tubes. Air for 
combustion, preferably preheated, is admitted at high 
velocity under fan pressure, so that it impinges on the 
fuel which is not burned in suspension as it falls to the 
furnace bottom. 

Large capacity stokers have been reported, on which 
very high combustion rates were obtained through 
the use of a number of dampers giving air control to the 
various zones of the fuel bed. The Detroit Edison 
Company has made comparative runs on such a stoker 
with combustion rates as high as 80 lb per sq ft per hr 
in which the various zone dampers were controlled by 
hand in one case and by automatic control in the other. 
With manual control, a more even fuel bed and more 
efficient combustion conditions were maintained. 

At the present time, because of availability and 
economic conditions favoring the use of such fuels, 
there is a distinct trend toward oil and gas firing of 
power boilers, both in connection with new units and 
in conversion of existing ones, particularly where the 
furnaces were originally designed for the burning of 
pulverized coal. To meet this trend, oil and gas burners 
of larger unit capacity have been developed, and there 
is a growing tendency to design furnaces and fuel-burn- 
ing equipment to burn pulverized coal, oil or gas, 
either separately or in combination. 


Air Preheaters 


In the burning of coal in pulverized form, little diffi- 
culty has been experienced in utilizing highly preheated 
air. In recent years the temperatures of air delivered to 
the furnace have increased from about 400 F to slightly 
over 600 F. This temperature has been used with 
entire success in furnaces equipped with water-cooled 
walls or in part water-cooled walls and refractory walls. 
Higher preheat has also made possible or at least con- 
tributed to the success of the slag-tap form of ash re- 
moval. Higher preheat has also made possible a re- 
duction in furnace volume or an increase in the rate of 
heat liberation which reduces the initial cost of the 
installation. 

In the firing of oil and gas, air temperatures as high 
as 650 F have been successfully used. 

With stoker-fired boilers the prevailing opinion has 
been that preheated air should be limited to a maximum 
temperature of in the vicinity of 350 F. Several in- 
stallations have recently been made in which air tem- 
peratures of 400 F and over have been successfully used 
with a wide variety of fuels and with both multiple- 
retort underfeed and traveling chain grate stokers. At 
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the Delray Station of the Detroit Edison Company, 
an underfeed stoker which is usually operated with 
preheated air at 350 F to 400 F was operated for one week, 
night and day, with air at a temperature of 500 F with 
but slight damage to the stoker tuyére plates. At the 
Chester Station of the Philadelphia Electric Company 
one of the boilers was fitted with an experimental stoker 
to which air was delivered at 510 F. During certain 
test periods for determining high rates of combustion, 
a fuel-burning rate of 78 lb of coal per sq ft per hr was 
attained with an overall efficiency for the units of 81 
per cent. After months of service, during which ac- 
curate records of performance and maintenance were 
made, it was determined that there was no appreciable 
increased maintenance for this stoker equipment as 
compared with other stokers operated by the same 
company under considerably lower preheated-air tem- 
peratures. 

Traveling chain grate stokers burning a wide variety 
of fuels, including anthracite, fines, coke breeze and 
bituminous coals, have been operated with air tempera- 
ture in the vicinity of 400 F, but temperatures between 
300 F and 400 F are usual, depending on the type of fuel. 

During the last few years, when it has been necessary 
to operate steam-generating units at partial ratings, 
the effect of corrosion resulting from the precipitation of 
moisture in certain zones of preheaters from gases of 
such low temperature that the dew-point is reached, 
has become more of a maintenance problem, resulting 
in the necessity for the replacement of tubes and en- 
velope plates in the recuperative type of heaters and of 
heating elements in regenerative preheaters. This 
corrosive condition seems to be more prevalent when 
burning coal on stokers than in pulverized form and is 
particularly active when burning fuel oil with a high 
sulphur content. Manufacturers are meeting this con- 
dition by offering preheaters with the heating surface in 
several sections or banks so that the corroded sections 
may be renewed, thus avoiding the necessity for ex- 
pensive replacement. 


Feedwater 


One of the problems associated with higher pressure 
has been the scaling up of the high-pressure turbine 
due to carry-over of solids which reunited in the turbine 
at some equilibrium temperature. This condition has 
been greatly improved by the development of steam 
washers within the boiler drums in which the steam, 
before delivery to the superheater, is washed by the 
incoming feedwater. Any moisture carry-over con- 
sequently carries the lower solids of the feedwater in- 
stead of the solids of the more highly concentrated boiler 
water. 

In the treatment of feedwater, advanced studies on 
scale prevention appear to indicate that some of the 
earlier conceptions of solubilities of boiler-water con- 
stituents were found to be incorrect at highér tempera- 
tures and pressures. A recent paper reported an ex- 
perimental work being conducted to determine the effec- 
tiveness of sodium carbonate in boiler water at higher 
pressures, which appears to indicate that the pressure 
limitations previously assumed for this salt were in- 
correct. The question of embrittlement ratios is also 
receiving renewed attention. 

Experience with treated feedwater indicates that 
industrial plants with feedwater properly conditioned 
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may go to 600 lb boiler pressure without hesitation, 
and instances are on record where industrial plants are 
operating at 800 Ib boiler pressure with no condensate 
return. 

The limits to high-pressure steam applications in 
industrial plants are determined by the quality of the 
feedwater. Since the make-up in such plants is usually 
very high, the raw water must be susceptible to satis- 
factory treatment. 


Turbines 


The Detroit Edison experimental turbine operating 
with steam at 400 lb and 1000 F temperature at the 
throttle has been in operation for a total period of 11,230 
hr, of which 7800 hr was at the full temperature 
of 1000 F, the balance of the time at somewhat lower 
temperatures. The longest continuous run, from May 
18 to August 15, this year, or a total of 2112 hr, 
was accomplished at full steam temperature of 1000 F. 
An average economy of 10,731 Btu per kwhr was ob- 
tained on the longer runs with the turbine operating at 
10,000 kw. With steam of this pressure and tempera- 
ture at the throttle, the exhaust contained a small 
amount of moisture. From the data obtained from this 
installation it is estimated that a 50,000-kw turbine with 
1200 lb initial pressure and 1000 F total temperature 
would show about 10 per cent moisture in the steam 
passing to the condenser. 

One manufacturer has announced a design for a 200,- 
000-kw turbine to operate at 1200 lb pressure and 1000 F 
temperature without reheat. Manufacturers are now 
prepared to furnish superheater and turbine equipment 
for temperatures up to 850 F with but slight modifica- 
tions to conventional designs. The trend still seems 
to be toward moderately high pressures and high tem- 
peratures without re-superheat. In new turbine equip- 
ment the general trend is toward the single-shaft machine. 

Progress in turbine design has been made in perfection 
of details and the choice of better suited materials, 
based on past experience. The problem of water erosion 
is being actively studied by manufacturers, and a paper 
was presented before the Society covering the theoretical 
treatment of the subject, together with data on actual 
experience. Shields of hardened material on the wear- 
ing portion of the turbine blades are now quite generally 
offered, and improvements in design are also offered 
with a view of removing moisture from the lower stages 
as effectively as possible. 

The tendency to use fabricated welded steel-plate 
construction wherever practicable still continues, even 
to the inclusion of piping and flange connections. 

Another recent development is the fireproofing of 
turbine hydraulic and lubricating-oil systems. One 
recent turbine installation has its oil storage on a base- 
ment floor completely separated from the turbine. The 
high-pressure lines are completely enclosed in the return 
lines, so that any possible leakage from a pressure line 
could not catch fire. 

There is also an active search going on for non-in- 
flammable lubricants to replace oil, and definite designs 
have been proposed for completely separating the high- 
pressure hydraulic system from the lubrication system 
and using a non-inflammable liquid for valve operation. 
A number of fluids suitable for this purpose are now 
available. 
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Combined Steam and Electric Services’ 
By KERR ATKINSON 
Jackson & Moreland, Engineers, Boston 


The special and significant case where an industry may 
show truly handsome returns from a by-product plant is 
in competition with purchased power. For when a 
power contract terminates the demand charge, which is 
the counterpart of the capital charge on power system 
capacity, terminates with it; and this saving appears 
as the major economy to offset capital charges on by- 
product investment. 

Thus the electric utility finds itself in a vulnerable 
position, faced with possible loss of net operating reve- 
nue applicable to fixed charges and return on existing 
facilities approximating two-thirds of the gross from 
power sales to large steam users. The utility may regain 
a basically strong competitive position by offering com- 
bined steam and electric service at a combined cost to the 
user at least as low as he could produce it himself. To 
do this in a large way the utility must not only employ 
a favorable cycle but it must also invoke those advan- 
tages that are the fundamental reasons for the existence 
of public service, namely, diversity in demands, permit- 
ting high load factors; permanence as compared with 
transience of single industries, warranting low rates for 
amortization; and large scale production affording low 
unit costs. Although its generating economies are not 
to be ignored, the by-product cycle becomes primarily 
important to the utility as a vehicle for offering rates for 
service that will get the business. The class of customers 
that affords the utility an opportunity to supply two 
services from the same equipment makes possible an 
economy in capacity charges that entitle it to special 
consideration. Any survey of consolidated supply of 
industrial requirements must include a careful analysis of 
the special needs and opportunities of each prospective 
customer as a basis for determining the value of the ser- 
vice to him. On this may be built an equitable rate 
structure which will interest him and at the same time 
compensate the utility for the risks it lifts from the cus- 
tomer and assumes itself. 

From investigation of the economies of consolidated 
steam and electric service to a group of several industries, 
we have found that, in competition with industrial proj- 
ects for completely new isolated plants, threatened loss 
- of electric revenue may be wholly compensated by econo- 
mies from the combined service... Before this ideal com- 
petitive situation can be established, which presumes 
no existing investment commitments by either party, we 
must jump two hurdles represented by existing industrial 
boiler plants and surplus utility generating capacity. 

To develop the inherent advantages of public service 
the enterprise should comprise two or more customers of 
fair size. Since only new industries in a territory, or 
those contemplating major expansion, are free of commit- 
ments for fixed charges on existing boiler and power 
equipment, the opportunities for combining several such 
requirements of magnitude in one area are rare. The 
foundations of a stable development of importance may 
be laid only by assuming the risks incident to securing 
existing steam business. To enter this field, the utility 





* Excerpts from a discussion at the A.S.M.E. Annual Meeting. 
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must temporarily assume the fixed charges on existing 
customer boiler plants, preferably by leasing or buying 
their remaining life. This is a necessary development 
charge to be ultimately retired from future earnings. 
Also, if the utility, like many, has idle surplus capacity 
on its system today, the capital charges on additional 
condensing capacity released by a by-product develop- 
ment must temporarily continue as a charge against cur- 
rent revenue until system growth shall again call the 
capacity into service. This accumulation may also be 
considered as a development cost although when the al- 
ternative to a by-product project is loss of the power 
business and release of the capacity in any event, it may 
perhaps better be classed as cost of holding the business. 
When new capacity eventually does acquire a value, 
however, then the by-product investment may be cred- 
ited, in computing rate of return, with the full estimated 
cost of adding equivalent condensing generation to the 
system. 

In connection with the subject of capacity value, it 
should be remembered that a 10,000-kw by-product unit, 
if installed in such a manner as to make the capacity firm, 
is just as valuable per kilowatt as any larger unit even 
though system growth predictions may overlook it in 
estimating whether the next 100,000-kw unit will be re- 
quired in 1935 or 1936. Initsrelation to peak capacity, 
the small unit is just as significant as any 10,000 kw of 
customer load on which the utility scrupulously imposes 
a capacity charge. Several have pointed out that, 
through lack of correlation between process steam de- 
mands and system electric peak, it may be impossible 
to develop the full capacity of the unit from the process 
steam when needed. If the station is properly designed 
in the first place to permit developing the full rated 
capacity when process demands are deficient by exhaust 
to atmosphere or to a condenser if the probable duration 
of emergency operation warrants it, the capacity will be 
firm. No emergency boiler capacity need be provided 
for this purpose as the turbine water rates, under these 
conditions, would always be less than when supplying 
steam to process. Utilities are inclined to ignore the 
peak capacity value of small units. 

When compared with sacrifice of existing business, our 
investigation of utility steam electric supply showed 
that a by-product development would earn a moderate 
return even during the period before absorption of idle 
system capacity could justify a capacity credit against 
the new investment. After allowing capacity credit and 
before time for normal replacements of industrial boiler 
plants it showed a good return. The ultimate return, as 
already stated, more than restored the existing earning 
power. 

Literally hundreds of industrials, awake to by-prod- 
uct advantages, have recently studied their individual 
circumstances and laid plans for reducing costs by in- 
dependent generation at the earliest favorable opportun- 
ity. The time for the utilities to salvage millions of dol- 
lars of annual net revenue is now, before industrials 
abandon hope of utility service on a fundamentally eco- 
nomic basis and act independently. 
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Patents 


By GEORGE RAMSEY, New York 
Patent Lawyer-Member A.S.M.E. 


PART XIV 


Interference Procedure (Continued) 


Constructive Reduction under the International Convention 


HE International Convention, to which most 
countries belong, provides that an applicant may 
file an application for patent in any of the Conven- 

tion countries within one year from the date when he 
files in his native country and that his application in the 
Convention country will be received as of the date when 
he filed in his native country. This Convention practice, 
therefore, permits a foreign application to be considered 
as a constructive reduction to practice, even though an 
actual reduction to practice in the foreign country will 
not be considered. 

An interesting case arose under these conditions where 
an application was filed in the German Patent Office. 
Some months after this application was amended to add 
a complete description for an invention that was not 
completely disclosed in the original application. An 
application based on the German case was filed in the 
United States within one year-from the original filing 
date in Germany. The United States application got 
into interference and the Court allowed the German 
applicant a constructive reduction to practice as of 
the date when the amendment was filed in the German 
case. This case is very interesting because under 
the German practice, as also under English practice, 
a more or less nebulous application may be amplified 
by amendments providing the amendments are not 
a departure from the original statement of invention. 

In the United States, it occasionally happens that an 
applicant will be permitted to amplify his application 
by amendment to include some well-known apparatus 
which is referred to in the specification or drawings 
without being illustrated in detail. Ordinarily, how- 
ever, the United States Patent Office is very strict as to 
what may be added by way of amendment and if an 
invention defined by the issue of an interference is not 
fully disclosed in the original application, it may not be 
added by an amendment. In other words, in a United 
States application, the applicant would not likely be 
permitted the date of an amendment as a constructive 
reduction to practice of his invention. He would either 
have to take the filing date of his application or nothing. 

It has been held that where joint inventors get into 
interference with another application and that the 
testimony shows the invention was really a sole inven- 
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The present article deals further with 
interference practice and more especially 
with the questions which arise in taking 
testimony. One of the very serious mat- 
ters in interference is the proof of diligence 
and many cases fall on lack of proof of 
this important factor of interference pro- 
cedure. The author not only discusses 
diligence but also such phases as conceal- 
ment of the invention, abandonment, 
taking testimony abroad, and other situa- 


tions arising in interferences. 


tion, that the sole inventor will get the benefit of con- 
structive reduction to practice of the joint application. 
This is based on the theory that the original applica- 
tion was in fact filed by the original inventor and that 
the supposed joint inventor is merely excess baggage. 


Presumptions 


Where an exhibit in evidence embodies the issue of 
the interference, but does not include the complete 
machine necessary to make the test, such exhibit has 
been held to be sufficient where witnesses testified that it 
was used in connection with a full-size machine on which 
it was employed as an attachment. The presumption is 
that the inventor contemplated the use of the full 
machine when he built the improved attachment. 

Where the application filed did not disclose a practical 
device and there is testimony to the effect that a practical 
device was tested and used prior to the filing of the 
application, the filing of an application illustrating a 
crude device raises the presumption that the actual test 
was not a reduction to practice. If the inventor had 
been in possession of the practical device when he filed, it 
is reasonable to suppose he would have disclosed the 
practical form. Since he did not disclose the practical 
device, the presumption is that he had not developed 
this form at that time and testimony to the contrary is 
looked upon with suspicion. 

Where a machine was tested and dismantled and cer- 
tain parts removed but witnesses testified that the as- 
sembled machine was actually successfully tested, the ex- 
hibits comprising parts of the machine will be received 
and the testimony held to prove reduction to practice. 
In a case of this kind, if the original machine was photo- 
graphed, photographs will be received in evidence and 
will greatly strengthen the testimony. 

Where an alleged reduction to practice or test was 
made some years before the application is filed, it raises 
the presumption that the original test was not satis- 
factory and complete, but was merely an abandoned 
experiment. 

Where it was alleged a machine was completed, but 
it was not tested until a year and a half after it had been 
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completed, it was held that such action was contrary to 
the normal course of human events and that if the ma- 
chine was tested at all, it was probably not completed 
before the date when it was supposed to have been 
tested. 

Concealment of the Invention 


There is a doctrine in the patent law that where an 
invention is completed and reduced to practice and con- 
cealed that even though the party who conceals the in- 
vention is actually the first inventor, he can derive no 
benefit from his concealed invention, the theory being 
that an invention which is concealed is not of benefit to 
the public. 

It was held that where an inventor made an instrument 
and placed it in a private laboratory so that outsiders 
had no benefit or knowledge of the same, that he could 
not some years thereafter successfully contend with a 
patentee, that he was the prior inventor. It was held 
that he was not entitled to a patent and that he got no 
benefit from his secret invention. 

Where an invention had been concealed five years 
after it had been reduced to practice and the inventor 
alleged, as his reason for concealment, that he was de- 
veloping ways to make his invention more cheaply, it 
was held that he could receive no benefit because of his 
suppression of his invention. 

It has been held, however, that where an inventor 
completed his invention, but did not have sufficient 
money to file an application for patent or to place the 
invention on the market, that he was justified in con- 
cealing the invention for a period of not more than two 
years. 

Where an inventor reduced his invention to practice 
but made no further effort to give the same to the 
public until four years later when he learned that an- 
other had obtained a patent, it was held that he had 
lost his rights because of concealment. 

In another case, it was held that because no applica- 
tion for patent was filed until nearly two years after 
reduction to practice, that this of itself was not sufficient 
evidence that the invention had been concealed, and, 
therefore, the party was awarded priority. 

Where an inventor had reduced his invention to prac- 
tice long prior to his adversary entering the field, was 
active in attempting to commercialize his invention, 
and showed it to anyone he thought might assist him, 
it was held that there was no concealment. Moreover, 
‘even though he did not file until some three or four years 
later, he was permitted to obtain the benefit of his 
reduction to practice. Like all other phases of inter- 
ference practice, each case turns on its own facts. 
General rules only can be deduced from these specific 
cases. 

Diligence 


From the foregoing, it will appear that the patent 
laws do not reward the slothful and do reward the 
inventor who is diligent in perfecting his invention and 
in attempting to get a patent thereon. There is no 
general fixed rule for diligence but it is determined by 
the facts in each particular case. Usually, the in- 
ventor who is first to conceive the invention and first to 
reduce the same to practice either by building and test- 
ing a machine or by filing an application in the Patent 
Office wins the award of priority. Of course, if he has 
suppressed his invention, as has been noted, he may 
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lose the advantages which he otherwise would have. 

Diligence is not excused by the work on other in- 
ventions or by attention to personal business affairs. 
If the other inventions are necessary to go along with the 
invention in issue, work on such inventions may become 
diligence—ordinarily not. No diligence is required 
against the party who reduces the invention to practice 
first. Diligence is required of the party who conceives 
first, but reduces the invention to practice last. Under 
those conditions, he usually wins out. Work on an illus- 
trative model which was not intended as a reduction to 
practice of the invention will not be considered as 
diligence. Diligence is work which goes into the per- 
fection and testing of the invention. The requirement 
of diligence arises as soon as a rival comes into the field 
whether the rival is known or unknown; and diligence 
must have been established at the time the rival came 
into the field and must continue up until reduction to 
practice has been established. 

In a case where joint inventors worked for a small 
railroad, they conceived an invention in tank cars and 
proceeded to build a construction from boiler iron. The 
invention comprised an anchoring member from the 
center of the tank to the under frame of the car instead 
of the usual head blocks previously used on the ends of 
the tank to keep the tank from moving on a flat car. 
They obtained permission from the company to apply 
the invention to a car. This car was tested by running 
it down grade and permitting it to bump into other 
cars. It became necessary to test out the invention 
in actual railroad practice. This car with the boiler- 
iron structure thereon was put into railroad service. 
As soon as it reached a junction point, it would be held 
up by the inspector because it did not comply. with the 
regulations. It would then be necessary to convince the 
inspector that it should pass the junction point. One 
time the car was in a wreck and it laid up for a time until 
it was repaired. All in all, this car was run for slightly 
over three years before an application for patent was 
filed. In the meantime, a rival inventor had obtained 
a patent and had reissued the patent. When the ap- 
plication was filed, claims of the application were re- 
jected on the reissue and claims from the reissue patent 
were immediately copied into the application and an 
interference requested. This interference was hotly 
contested, and it was eventually decided that the 
joint inventors had been diligent from the conception of 
their invention through the time when the rival inventor 
came into the field and up to the time when they filed 
their application. It was also held in this case their 
original boiler-plate construction was a reduction to 
practice of the invention, and that it required a three 
years’ practical test to establish the practicability of 
the invention before it could be commercially used by 
railroads. The joint inventors won the interference. 

On the matter of diligence, the law is simple, namely, 
that the first to conceive and the last to reduce to prac- 
tice must exercise ordinary diligence to obtain the patent 
on his invention. It need only be reasonable under 
the circumstances of the case and it does not involve 
uninterrupted effort nor undue concentration of all 
of the inventor’s energies on this single enterprise. 

Diligence is any activity of an inventor tending 
to complete the invention and reduce the same to prac- 
tice. After the invention is reduced to practice, the 
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. application for patent must be filed within a reasonable 
time, otherwise the doctrine of “laches’’ comes in. 
That is, after an invention is reduced to practice, the 
position as to the first and original inventor as to in- 
ventorship has been definitely crystallized, but the 
first and original inventor may lose his invention due 
to concealment, abandonment or laches. Laches is a 
negligence or omission of a party to assert his right and 
a rival has come into the field in the meantime who has 
been active in perfecting his invention in such a way as 
to give the benefits thereof to the public. 


Variations between Proofs and Disclosure of Application 


It is not unusual that the proofs in an interference case 
will relate to a construction which is somewhat different 
from the disclosure of the application. The reason for 
this is that under the present practice, the claims con- 
stituting the counts of the interference are the basis 
of the proofs. In other words, claims are usually 
broader than the specific disclosure of an application for 
the reason that the applicant is attempting to obtain a 
patent which will cover embodiments of the invention 
other than those which he specifically discloses. The 
patent which would cover only one form of the inven- 
tion ordinarily would not be of much value. 

In view of these facts, it is not unusual for an inventor 
to make practical tests of several forms of his invention 
and finally pick out the one which he thinks is most 
practical to be used in the drawings and specification to 
illustrate his invention upon which he is trying to obtain 
the patent. Of course, any testimony in order to be 
relevant (that is, testimony pertaining to the subject 
of the issue), must relate to a structure that the claim 
will read upon. If testimony is taken, relative to some 
device that was tested which does not include the specific 
invention being tested, such testimony is useless and 
proves nothing. 

It occasionally happens that where the inventor is 
unable to understand drawings and he attempts to 
explain his invention to a patent attorney, the attorney 
may get an erroneous idea and may not disclose the 
invention in the form in which: it was developed. If 
such an application gets into interference, testimony 
as to the actual machine tested would be of little value. 
An occasion of that kind arose where an ingenious old 
negro made a peanut picking machine from a grain 
cleaning mill and discarded saws from a cotton gin. He 
attempted to get a patent on his invention but was un- 
able to clearly explain his machine to the attorney and 
the illustration in the drawings and the description 
of the specification were something quite different 
from the machine which he had built. When it be- 
came desirable to prove his date of invention, it was 
necessary to reassemble the old machine and to rely 
entirely on testimony of witnesses who had seen this old 
machine in operation. This situation arose in connec- 
tion with a suit on a patent and not in an interference. 
The negro’s patent was only a matter of prior art and 
was not involved directly in the suit. However, if 
his application had been involved in an interference, 
the proofs as to his actual machine would have been of 
no avail. 

Abandoned Experiment 


It sometimes occurs that the early work of an inventor 
in developing an invention may be considered as an 
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abandoned experiment. This may happen in an inter- 
ference case where an inventor has conceived a general 
idea of a specific invention and has proceeded to make 
experiments toward the development of the invention. 
If these experiments are carried on for a time, then 
dropped and the inventor works on other ideas, and later 
on comes back to the first matter that he worked on and 
proceeds to further develop this first idea, it is likely 
that his early efforts will not help him to establish dili- 
gence. These early efforts are most likely to be con- 
sidered as an abandoned experiment. This is par- 
ticularly true where the inventor was spurred into 
activity of making further experiments, because of 
the fact that he had learned of a rival inventor working 
on the same problem. In most cases, it is of little conse- 
quence what an inventor does up until a rival comes into 
the field. It does not matter, however, whether the 
inventor knew of the activity of the rival or not so far 
as the presence of the rival in the field affects the legal 
rights of the first inventor as based on his activities. 
The mere fact that no one else is working in the field 
leaves that field entirely open to the first experimenter 
or inventor, but as soon as some one else gets to work 
in that field, then the situation changes and what the 
first man is doing at the time the second comes along 
and the activities of the first man from that time on may 
be very important. 

An abandoned experiment is in no sense helpful to 
winning an interference and may even be harmful. 
It may negative the conclusion which would otherwise 
be attached to later activities. A man’s mind running 
along one channel is normally likely to stay in that 
channel. Therefore, if the first activities were in a wrong 
direction, the natural inclination is to scrutinize later 
activities with unusual care to be sure that they were 
something different from the first original work on the 
wrong line. In view of this, it often becomes a serious 
question to determine just how far in the past an ap- 
plicant’s activities may be traced without getting into a 
danger zone that may do more harm than good. 


It sometimes happens that the entire alleged reduc- 
tion to practice is held to be an abandoned experiment. 
For example, joint inventors made and secretly tested a 
device for handling tin plates in August of 1902. This 
machine was dismantled and in October 1903 another 
machine was constructed and it was supposed to have 
been used until November 1903. Then it was set 
aside and not used until September 1904 after these 
inventors had heard of a rival’s machine. In February 
1905, another machine was made in supposed conformity 
with the first machine. The latter machine was tested 
in the presence of witnesses, but did not operate satis- 
factorily. The decision was that the entire activities 
of the joint inventors had been a series of abandoned 
experiments. 

Tire molds had been made and paid for and were 
used for four months in the manufacture of tires, which 
were sold in the regular course of business. There was 
no testimony that indicated there was any trouble with 
the operation of the molds or that the tires were in any 
way unsatisfactory. These tire molds, after four months 
use, were destroyed because the style of tire had changed 
and other and different molds were made. In this case, 
it was held that these molds were practical commercial 
devices and that the use thereof was not an abandoned 
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experiment, but a reduction to practice of the invention 
in interference. 

A party made a bumper for an automobile in 1912 
and he made a test, but laid his bumper aside until he 
saw his opponent’s bumper in 1917. Between the years 
1912 and 1917, the first party had taken out other patents 
and, therefore, had been able to file an application for 
patent on his original bumper invention, if he had cared 
to do so. He filed an application and got into inter- 
ference with the party whose bumper he had seen in 
1917. It was held that the activities of the first party 
were merely abandoned experiments. If the invention 
had been complete and satisfactory, there was no good 
excuse why he had not filed. 


Abandonment 


There is a distinction between an abandoned experi- 
ment and an abandoned invention. An abandoned 
experiment means the abandonment of an idea before 
it has actually been reduced to the practical form of a 
completed invention. The abandonment of an inven- 
tion means the making of a completed invention and then 
abandoning the completed invention to the public. 
In the case of an abandoned experiment, an opponent 
may prevail over one who had been making the experi- 
ments before the latter party conceived the invention, 
because an abandoned experiment, not being a com- 
pleted invention, obviously could not be held to an- 
ticipate the invention which is actually completed by 
another at a later date. Where an invention is aban- 
doned to the public, a later inventor cannot obtain a 
valid patent thereon for the reason that when an in- 
vention is abandoned, the complete act of making the 
invention has been finished and the rights therein are 
dedicated to the public. Consequently, unless there is 
concealment, where the first party abandons his in- 
vention, it goes to the public at large and cannot later 
be appropriated as a subject-matter for a patent by a 
subsequent inventor. 

There is also the situation where the first inventor 
conceals the invention and a second inventor, who 
believes himself to be the first and original inventor, 
may obtain a valid patent thereon. In an invention 
on a magazine firearm, comprising a clip adapted to 
clamp the magazine to the barrel of a firearm, the first in- 
ventor completed the invention in July 1887. He then 
filed applications for patents on other inventions and 
did not file his application on the invention in interfer- 
‘ence until 1894. This application was not filed until 
after his attention had been called to the patent of an- 
other on a similar device. The second inventor was an 
independent inventor and had no knowledge of what 
had been done by the first inventor. In this particular 
case, the invention of the first inventor was made in 
the Winchester Arms Works, and known by a few em- 
ployees of Winchester Arms Company, but the Court 
held that the invention was secreted from the public 
just as much as if it had been confined to the knowledge 
of the inventor himself. Under these circumstances, 
it was held that the first inventor had not dedicated 
the invention to the public because the public had no 
knowledge of it whatever; and, therefore, the Court held 
that the first inventor had abandoned his invention so 
far as he was concerned, but that the second independent 
inventor who had been diligent in protecting his rights 
was entitled to a patent on the invention. The Court 
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held that it was of paramount interest to the public, 
in its bearing upon the question, to encourage and re- 
ward the subsequent inventor of a new and useful manu- 
facture or improvement who diligently pursued his 
labors to the procurement of a patent in good faith and 
without any knowledge of the preceding discoveries of 
another as against the other, who deliberately concealed 
the knowledge of his invention from the public and then 
sought to profit by his own wrong (or concealment) 
when the active inventor came into the field. 

Sometimes the doctrine of a case like this is held to be 
the doctrine of “‘estoppel’’ which means that while the 
first inventor actually completed the invention, he is 
“estopped” or denied the right to protection on his 
invention because he did not use reasonable efforts to 
obtain the protection provided by the patent laws. 


Written Abandonment 


The Rules of Practice of the Patent Office provide 
that after an application gets into interference, the 
interference may be terminated (without a contest) in 
three different ways. First, the applicant may file a 
written Concession of Priority. This means that he 
files a statement in the Patent Office stating he concedes 
that some other party to the interference made the in- 
vention first. Second, he may file a disclaimer of the 
invention in interference, providing he does so before 
any testimony is taken. A disclaimer is broader than a 
Concession of Priority in that he disclaims that he made 
the invention. This is in effect a statement that he is 
not the first and original inventor, but he does not dis- 
claim in favor of any particular party. The third way 
in which he may terminate an interference is by a written 
abandonment. If testimony has been taken, this is the 
only way that the rules provide in which he can get out 
of the interference. If from the records it would appear 
that the party who wishes to disclaim is really the first 
inventor, the Patent Office will compel him, if he wants to 
get out of the interference, to abandon the invention. 
Where an invention is abandoned and it would appear 
that the party abandoning the same is the first inventor, 
then the second party to the interference will not get a 
patent, but will be rejected upon the invention which the 
first party has abandoned. In other words, it will go 
to the public in most cases. 

Where a written concession or disclaimer or abandon- 
ment is filed, all assignees of record must concur therein. 

It may seem absurd for an inventor to abandon an 
invention where the record shows him to be the first 
inventor. It has happened that an inventor was being 
prevented from getting his patent on a very important 
invention because he was in interference on an un- 
important feature of the invention. He wanted to get 
his patent in order to sue his opponent in Court for 
infringement. His opponent knew this and had started 
an attack in the interference proceeding that would 
keep the application tied in the Patent Office for many 
years. No liability on infringement could arise until the 
patent on the important feature was actually granted. 
Therefore, as long as his opponent could keep him in the 
Patent Office, the opponent was completely free from 
any danger due to infringement. Finally, in despera- 
tion to get out his patent, the first inventor filed an 
abandonment of the unimportant invention in inter- 
ference. He thus broke the strangle hold and ter- 
minated the interference. Within a short time he had 
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his patent. He immediately brought suit and won his 
infringement case. 


Right to a Patent Regardless of the Opponent 


There are cases where a late arrival in the field is 
entitled to a patent regardless of how far his opponent 
precedes him on filing date or other activities. This 
situation may arise where the opponent’s device is in- 
operative or where the claims in issue call for elements 
which the opponent does not disclose in his application, 
or where the claims in issue may, as a matter of lan- 
guage, read upon both applications in interference, but as 
a matter of substance mean something entirely different 
when read on one application, than what is meant when 
read on the other application. Such issues as these 
must first have been raised by a motion to dissolve, 
and often they are settled by the decision on the motion 
to dissolve. Occasionally, the motion to dissolve will 
be denied, but since these points go to the right of a 
party to a patent, he has the legal right to contest these 
points through to final hearing and on various appeals 
therefrom. 

In obstruse and unusual inventions, he may wish to 
take testimony to show that his opponent’s disclosure is 
inoperative or that his opponent’s application does not 
include the elements called for by the claims in issue in 
the interference. He cannot take this testimony as a 
matter of right, but must first obtain permission from the 
Patent Office to take such testimony. Usually the 
Patent Office refuses to allow this character of testimony 
to be taken, basing the decision upon the ground that 
the Examiners in the Patent Office are experts in the art 
and that the point raised is based upon the disclosure in 
the opponent’s application, and consequently no testi- 
mony will be allowed but the matter may be argued and 
decided from the record. Sometimes this ruling is a 
hardship, particularly where the alleged inoperativeness 
can be demonstrated only by the use of models. As 
soon as a model is built, the question immediately arises 
as to whether or not the model is in accordance with the 
disclosure of the application. The party building the 
model is under a severe handicap because the disclosure 
of an application may be supplemented by skill of the 
art (which is the knowledge of yesterday) without going 
beyond permissible bounds. Therefore, the party who 
builds a model presumably must build a model with 
the intention of trying to make it work, but without 
adding a new invention. One Judge remarked that he 
had never known a litigant to start out to prove his 
opponent’s case inoperative and fail in the attempt. 
The converse likewise holds true. With this in mind, 
models are usually looked upon with suspicion. There 
are situations, however, where models are justified and 
testimony concerning the same should be allowed. 

An application relating to a glass machine got into 
interference and because of the character of molten glass, 
it was difficult, if not impossible, to argue from the record 
as to just how the machine would behave when actually 
used with molten glass. The Patent Office, therefore, 
permitted an opponent to build a model machine and 
test the same. While the officials of the Patent Office 
are theoretical experts, they are not, in fact, practical 
experts for the reason that their knowledge is largely 
book knowledge and their work in the Patent Office does 
not take them in the practical field of commercial manu- 
facture. Consequently, decisions based upon the record 
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without the benefit of practical demonstration often are 
erroneous. Where testimony is taken, in cases of this 
kind, it is usually the testimony of an “expert.” An 
“expert” is one who has an unusual general knowledge of 
the art in question, and very often has a substantial 
knowledge of the practical art. Such experts, as a rule, 
have a working knowledge of patent law sufficient to en- 
able them to understand thoroughly the points they are 
expected to develop and the points upon which they will 
be subjected to cross-examination when their testimony 
is taken. This knowledge is of a substantial benefit be- 
cause it enables the expert to conduct his investigation 
along definite lines so that he will be in position to answer 
all pertinent questions pertaining to the subject in issue. 

While such an expert will testify principally to facts, 
he is permitted to express his opinion or conclusions based 
upon his knowledge of the art, and to state as an expert 
in the art, such conclusions as he believes are deducible 
from the results of his experiments. Where one party 
is permitted to take expert testimony to attack his op- 
ponent’s case, his opponent likewise has the right to 
take expert testimony to oppose or rebutt the testimony 
taken by the first party. It not infrequently happens 
that one expert will prove a disclosure to be thoroughly 
inoperative to his own satisfaction, while the other ex- 
pert will prove to his own satisfaction the same dis- 
closure to be thoroughly operative. In cases of this 
kind, it is up to the officials to read between the lines 
and discover where the truth actually lies between the 
conflicting opinions of the experts. 


Testimony Taken 1n One Interference May Be Used 
in Another 


It is a very common occurrence for an application to 
be involved in a number of interferences. These inter- 
ferences usually are with different parties and usually 
involve variations of the same general subject-matter. 
One interference may be between parties A and B ona 
specific structure shown in B’s application and common 
to the application of A. A second interference may exist 
between A and C on a specific structure shown in C’s 
application and common to A’s application. A third 
interference may involve A, B and C on broader subject- 
matter common to all parties. Where a situation of this 
kind arises, it is usually agreed among the parties that 
the testimony taken on behalf of any party may be used 
in all the interferences so far as it is pertinent and 
relevant. This simplifies the record and permits all 
parties to get before the Patent Office all evidence 
they have to offer without undue repetition. 

Occasionally, an interference will be contested, testi- 
mony taken and the interference may be concluded, 
when later another interference crops up with some other 
party. The testimony of the prior interference may be 
used in the succeeding interference providing a motion is 
duly made and granted during the time set for taking 
testimony by the party who wishes to use the prior 
record. The prior record is used only so far as it is 
relevant and material, and furthermore the contesting 
party must have the right to recall any witness whose 
deposition has been taken in the prior record and to 
cross examine such witness. The contesting party also 
has the right to take testimony to show errors in the 
testimony of the prior record. Where the testimony 
of a witness in a prior case does not agree with his testi- 
mony taken in a later case, the testimony of the prior 
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case is not admissible unless the witness is confronted 
with the contradictory statement of the prior state- 
ment and is given an opportunity to explain the same. 


Witnesses Abroad 


Where an important witness resides in a foreign 
country and it is necessary to take his testimony in that 
country, substantial difficulties are encountered. In 
order to take testimony abroad, several things must be 
complied with. First, the party desiring to take testi- 
mony must bring a motion within the time set for him 
to take testimony abroad. This motion must designate 
the place, names of the witnesses and the facts to which 
each is expected to testify and the grounds as to why it is 
expected that the witness will so testify. It must desig- 
nate that the testimony will be taken before an officer 
qualified to take testimony under the laws of the United 
States. Such officer is usually the United States Consul. 

It must be demonstrated that the testimony desired 
in the foreign country is material and relevant and that 
it cannot be taken in this country; or that even if it 
could be taken in this country by importing the wit- 
nesses, that the hardship and injury to the party desiring 
the testimony would greatly exceed the hardship to 
which his opponent would be exposed by taking the 
testimony abroad. 

The usual procedure in taking testimony abroad is to 
prepare questions for each witness in duplicate and serve 
a copy on each adverse party, who may then within the 
time set by the Patent Office file in duplicate the cross- 
questions he desires to ask. If objections are to be raised 
to the questions or to the cross-questions, such objections 
should be made before the testimony is taken and the 
Patent Office will consider and determine the same upon 
the hearing of the case. 

As soon as the questions and cross-questions have been 
held by the Patent Office to be in the proper form, they 
will be forwarded to the proper officer in the foreign 
country with the request that upon the payment of or 
satisfactory security for his official fees that he will 
notify the witnesses to appear before him and answer 
the questions and cross-questions under oath and that 
these answers will be transmitted under his official seal 
and signature to the Commissioner of Patents. 

The proceeding by way of sending abroad questions 
and cross-questions may be dispensed with by stipulation 
between the parties and in that case the testimony may 
be taken in the ordinary way, usually before a United 
States Consul. Occasionally testimony abroad may be 
taken before a foreign notary public whose authority is 
attested to through the State Department of the United 
States. Testimony so taken, however, will not stand 
on the same footing as testimony taken in the United 
States unless the laws of perjury in the foreign country 
are substantially as stringent as those of the United 
States. 

There is still a further way of taking testimony abroad 
and this is known as “Letters Rogatory.’’ These letters 
are issued by the Commissioner of Patents to a foreign 
Court and direct the attention of the Court to the pen- 
dency of the interference, the desirability of taking the 
testimony of certain witnesses residing within the 
jurisdiction of the Court and offering to reciprocate the 
courtesy whenever requested to do so. This was done 
recently in the case where the witnesses resided in Ger- 
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many and the testimony was taken by a German Court, 
and forwarded to the United States Patent Office. 

Where a party asked to take testimony abroad and his 
opponents were willing to admit all of the alleged facts 
which he desired to prove by his foreign testimony, the 
Patent Office held that it was not necessary to take 
testimony abroad and denied the motion. 





Prime Movers Report 
Amplified 


An abstract of the Prime Movers Report on “Stoker 
Equipment and Furnaces,” on page 33 of the October 
issue, states that the Detroit Edison Company has dis- 
continued the practice of burning the ‘‘fines’”’ from econo- 
mizers, preheaters, etc. This statement is unintention- 
ally misleading. The practice was discontinued at Del- 
ray because the system was not laid out to permit gravity 
discharge into the coal chutes. At their Beacon Street 
Heating Plant, they feed the “fines” in with the coal and 
improve the economy by so doing. At Connors Creek, the 
Detroit Edison Company plan to use the same method 
used successfully at Beacon Street. 

Since this method is being considered or adopted in 
an increasing number of plants, we believe it would be 
well to clear up this point in some future issue, if it can 
be done conveniently. 

Reference to the Committee’s report, on page 4, will 
show that the statement clearly refers to the Delray 
Plant alone. In the second paragraph, they mention 
the successful use of this system at their other plants. 

J. S. BENNETT 
American Engineering Company 





The Editor’s attention has also been called to a state- 
ment in the report which space limitations at the time 
made it necessary to omit from the abstract. This re- 
ferred to a summary of results obtained on air preheat- 
ers of various types. A tubular air preheater operating 
under the following conditions, 


Installed 


October 1924 
Number of tubes 1350 


Heating surface 22,072 sq ft 

Temperature of entering gas 360 to 480 F 
Temperature of leaving gas 210 to 270 F 
Temperature of leaving air 250 to 300 F 


had 341 tubes replaced after eight years of service, and 
the remaining tubes will apparently require replacement 
within three years. Over the eleven year period the 
average yearly cost will have been 3.8 cents per sq ft. 

A rotary-type air preheater operating under the follow- 
ing conditions, 


Installed 


February 1925 
Number of elements 2 


Heating surface per element 21,000 sq ft 
Total heating surface 42,000 sq ft 
Temperature of entering gas 530 to 700 F 
Temperature of leaving gas 210 to 310 F 
Temperature of leaving air 400 to 480 F 


showed an average yearly maintenance cost to date of 2.2 
cents per sq ft. This covered work on the sealing strips 
and renewal of the elements on one occasion. 

It should be noted that there was an economizer ahead 
of the tubular preheater, and that the surfaces and 
temperatures were not comparable. In other words, 
each represented an individual case. 
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Combustion Characteristics 


When two fuels are burned simultane- 
ously their relative proportions and the 
combustion characteristics of the mixture 
can be calculated from an analysis of the 
products of combustion and of the fuels 
involved, provided the difference in theo- 
retical CO, between the given fuels, in- 
dividually, is not less than 3 per cent. 


Continuous sampling is necessary. 


Formulas are given and also convenient 
curves for mixtures of Pittsburgh coal 
and blast-furnace gas, and for mixtures 


of refinery gas and fuel oil. The present 


article supplements a series on the ‘“‘Deri- 
vation and Use of Common Formulas 
in Combustion Calculations’’ (see COM- 
BUSTION for July, October and December 
1932, also January and October 1933). 


ANY modern boiler furnaces are designed to burn 
M two or more fuels simultaneously. Usually one 
of the fuels is a by-product of the plant and 
burned as available, the balance of the steam demand 
being made up with an auxiliary fuel. In the steel 
plant, blast furnace gas is frequently burned as available 
and the balance of steam made up with pulverized coal. 
At oil refineries, refinery gas and fuel oil are logical 
combination fuels. 

The determination of the relative amounts of the 
fuels burned and the combustion characteristics of the 
mixed fuel are required in calculating test or daily furnace 
performance. Unless each fuel is separately metered, 
such calculations are often rather indefinite. 

The relative proportions of two fuels burned simul- 
taneously and the combustion characteristics of the 
mixture can be calculated from accurate analyses of the 
products of combustion and of the fuels involved. When 
any single fuel is burned with the theoretical amount of 
air required for its complete combustion, the products 
of combustion will contain a definite amount of CO». 
This theoretical CO, content varies with different fuels, 
ranging from 25 per cent for blast-furnace gas to 11 per 
cent for coke-oven gas. The theoretical CO. for any 
mixture of two fuels will be somewhere between the 
theoretical CO, values for the individual fuels, and will be 
a direct indication of the relative amounts of the two 
fuels. The greater the difference in the theoretical CO, 
values for the individual fuels, the greater the accuracy 
of the calculations for the mixed fuels. The method is 
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of Mixed F'uels 


By P. B. PLACE and J. CRUISE 


Combustion Engineering Company, Inc. 


not recommended unless the difference is 3 per cent or 
more. Thus the method is applicable to mixtures of 
blast-furnace gas and bituminous coal whose theoretical 
CO: values are around 24.5 and 18.5 per cent, respec- 
tively, but not applicable to mixtures of bituminous coal 
and anthracite where the CO, difference is only about 1.5 
per cent. 

To determine the theoretical CO, for the fuel mixture, 
an accurate analysis of the products of combustion is 
required. This analysis must be carefully made, repre- 
sent average conditions over the total test period, and 
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Fig. 1—Combustion characteristics of a washed blast- 
furnace gas 


be complete as to CO: and O22. To avoid unnecessary 
complication it will be assumed that no CO is present in 
the gases. Usually where one of the fuels is burned as 
available, the relative proportions of the fuels vary 
considerably over the test or daily period. To obtain 
reliable average flue gas analyses, either the gas must be 
sampled and analyzed continually throughout the period 
or continuous samples collected over the total period. 
CO, recorders are not sufficient because they do not as a 
rule record O2 values and the latter are important. Oc- 
casional snap samples are not sufficiently representative 
for variable fuel conditions even when the steam load is 
kept constant. Continuous samples may be readily 
obtained and are to be recommended. Several such 
samples should be taken and results averaged to reduce 
experimental errors. 

From the average analysis of the dry products of com- 
bustion, the theoretical or excess-air-free CO, content is 
calculated as follows: . 


Per cent CO: (as determined) X 100 
— = Excess-air-free CO: 
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Fig. 2—Combustion characteristics of a Pittsburgh 
bituminous coal 


20.9 X per cent COz 
or = Theoretical CO: 
20.9 — per cent O2 





The per cent oxygen in the analysis represents, and is 
20.9 per cent by volume of, the excess air. Eliminating 
this excess air reduces the CO, value for the mixed fuels 
to a basis confparable with the CO, values for the in- 
dividual fuels and from analyses of the fuels, the relative 
proportions of each in the mixture can be calculated. 

The calculation of the theoretical or excess-air-free 
CO, content of the products of combustion for any fuel 
has been adequately described elsewhere and it is not 
necessary to repeat it here. The following formula may 
be used conveniently. The letters represent percentages 
by weight, on an as fired basis, of the constituents in an 
ultimate analysis of the fuel. 


C X 100 
4.776C + 11.352H2 + 1.788S — 1.41602 + 0.432N2 


Theoretical CO: = 





The development of the method into a form convenient 
for use is best shown by an example and a combination 
of a washed blast-furnace gas and a bituminous coal is 
used below for illustration. 

The analyses of the gas and coal are given in the table 
and the combustion characteristics of each are plotted in 
convenient form in Figs. 1 and 2. The variation in the 
theoretical CO, values with changes in fuel mixture is 
shown in Fig. 3. This curve is determined by direct 
calculation of the CO: values for several assumed mix- 
tures. For example, with an assumed mixture of 20 
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Fig. 4—Fuel mixtures from flue-gas analysis (Pittsburgh 


coal and blast-furnace gas) 
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Fig. 3—Theoretical CO, for mixtures of a Pittsburgh coal 
and a washed blast-furnace gas 


per cent by weight of coal and 80 per cent by weight of 
gas, the value of C in the foregoing equation will be 


0.20 X 77.00 = 15.40 
0.80 X 16.18 = 12.94 


28.34 per cent 
The analysis of this 20-80 mixture so determined is 





C = 28.34 per cent 
Hz: = .25 
SS) = 0.26 
Oz: = 24.41 
Ne = 44.50 
Ash = 1.24 
100.00 


These values substituted in the given formula give a 
theoretical CO, value of 21.04 per cent. 
ANALYSES OF A WASHED BLAST-FURNACE GAS AND A 


BITUMINOUS COAL 
1. Washed Blast Furnace Gas 


Dry Basis As Fired Basis 
Volume Weight Volume Weight 

CO: 10.00 15.06 9.75 14.82 per cent 
Co 30.00 28.76 29.25 28.31 

2 1.50 0.10 1.44 0.10 
H20* 0.00 0.00 2.50 1.56 
N2 58.50 56.08 57 .06 55.21 
te aw iis cts 16.18 
He pits be ae 0.27 
Oz ae 28.34 


* Water vapor to saturate gas at 70 F. 


2. Bituminous Coal tenes 











ry Basis As Fired Basis 

Moisture 0.00 2.60 per cent 
Ash 6.37 6.20 
Carbon C 79.06 77.00 
Hydrogen He 5.03 5.19 
Oxygen Oz 6.57 8.71 
Nitrogen N: 1.64 1.60 
Sulphur 1.33 1.30 
100.00 100.00 


REFINERY GAS - PER CENT BY 
CHa 42 


7.44 





e 10 “64 4a 86 6 o 40 a0 Y GAS 
PER CENT CO, IN ORY FLUE GASES 100 80 60 40 20 FUEL O/L 
PER CENT BY WEIGHT OF FUELS IN M/ATURE 


Fig. 5—Chart for determining fuel mixtures from flue-gas 
analysis (a refinery gas and a fuel oil) 
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Referring to Fig. 3 it is evident that the accuracy of 
this method as applied to these two fuels is greatest when 
the proportion of gas is high. For mixtures containing 
more than 40 per cent by weight of coal, the theoretical 
CO: curve is too flat to be of practical use. Flue gas 
analyses cannot be determined accurately enough to give 
reliable results on this portion of the curve. 

Fig. 4 is a chart prepared for convenient determination 
of fuel proportions from flue gas analyses. This chart is 
of course for use only with the fuels listed. A similar 
chart for a combination of fuel oil and oil refinery gas is 
shown in Fig. 5. This combination of fuels gives a 
theoretical CO: difference of only 2.9 per cent but as seen 
in Fig. 5, the CO, curve is a straight line and equally ac- 
curate over the total range of fuel mixtures. 





Outlook for 1934 


A year ago we reproduced a chart compiled by the 
General Electric Company showing kilowatt-hour out- 
put, orders for electrical goods and freight-car loadings 
as an index of business conditions, together with a state- 
ment by Gerard Swope, president of that company. 
While there were some encouraging aspects compared 
with the summer of 1932, the curves at that time were 
not re-assuring. 
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Est 


Index of business conditions as shown by orders for 
electrical goods, kilowatt-hour output and 
freight-car loadings 


This year we are reproducing a similar chart sent out 
by the same company which compared with that of last 
year is markedly encouraging. While the end of the year 
shows a dip in all three indices from the September 
figures, the average curve or trend is upward. Especially 
notable is the sharp rise in the curve showing orders for 
electrical goods over the entire year. This, in turn, 
should reflect a more substantial increase in electrical de- 
mand. Mr. Swope says in part: 

‘“‘Now with codes of fair competition adopted in many 
of the industries, with the increased employment and in- 
creased purchasing power that has been brought about, 
these activities naturally and undoubtedly will cause 
some increase in prices to the ultimate consumer. 

“The problem of today is to have a greater revival in 
the capital goods industry, which has felt the increase 
but little, and with all the experiments that are being 
made and the hopeful and constructive attitude being 
shown, we are looking forward with confidence that 1934 
will be a better year than 1933 in employment and in in- 
dustry.” 
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New Navy Compound Discussed 


Which Shall it Be— 
Exact and Certain Procedure, 
or Mumpsimus? 


By R. E. HALL 
Hall Laboratories, Inc. 


Rapid strides have been made in the technology of 
conditioning boiler waters during the past several years. 
Individual control of the concentration relationships of 
certain components in the boiler water is the very 
essence of modern procedure in water conditioning which 
has made of it an exact art wherever it has been prac- 
ticed, whether in land stations or power plants of the 
merchant marine. 

In their experimental work, Messrs. Solberg and 
Adams have followed this essential procedure, but have 
turned their backs on it in formulating and sponsoring 
their proposed boiler-water treatment for the Navy of 
the United States.! In so doing, they have deprived the 
men of the Navy who operate its boilers of that flexibility 
in the maintenance under all circumstances of well- 
defined desirable conditions in the boiler water which in 
our opinion constitutes the greatest safeguard to con- 
tinuous efficiency and fitness of the boilers. By so 
doing, therefore, they have not given to the Navy 
boilers the possible maximum of certainty of performance. 

If this treatment proposed by the authors were for 
application on private projects, so that any losses en- 
tailed thereby were a loss of private enterprise on its 
own responsibility, we would not concern ourselves with 
it in any degree even though differing from its conclu- 
sions. This treatment, however, is proposed for the 
boilers of our first line of National Defense. 

Any uncertainty of boilers, means that the efficiency 
of that line of defense is seriously impaired. It there- 
fore becomes a matter of real concern to every American 
citizen that possibility of any such inefficiency be 
avoided. No obstacle, psychological or otherwise, 
should be allowed to stand in the way of these boilers 
being operated with water conditioning of the greatest 
exactness and flexibility possible in the light of present- 
day knowledge. 

Therefore, we will discard all personal considerations 
and our own personal wishes, and on the basis of our 
experience in water conditioning, set forth our view- 
point on procedure in water conditioning for the Navy. 

Messrs. Solberg and Adams are to be congratulated 
and are entitled to our heartiest approval for the pains- 
taking and exacting experimental work which they have 
accomplished in the past two years. As an organization 
which accepted their invitation to cooperate in certain 
portions of the work, we are cognizant of their excellent 
success in developing laboratory methods of testing and 
their care in systematically investigating various methods 





For paper by Messrs. Solberg and Adams see December issue of Combus- 
tion. 
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‘variables. 


of conditioning boiler water. Their work was under- 
taken with the purpose of providing for the United 
States Navy sound practice in boiler-water conditioning. 
They were to strive for simplicity, and avoid duplica- 
tion of current proprietary remedies. 

Their answer on the question of treatment is given in 
the form of a compound, consisting of 47 per cent 
anhydrous disodium phosphate, 44 per cent soda ash 
and 9 per cent starch. For control of the boiler water 
they recommend testing it for chloride, alkalinity and— 
strangely enough—hardness. 

They state—‘‘It was believed that a single compound 
which contains the various necessary materials in the 
proper proportion is best suited to the needs of the 
Navy. This opinion was based not only upon a recog- 
nition of the general uniformity of feedwater conditions 
in the Service, but also upon an appreciation of certain 
psychological factors in the administration of water 
treatment.’”’ And again—‘‘It may be that in spite of 
the care in its testing, Navy Boiler Compound 1933 will 
not provide sufficient protection against scale formation. 
Conversely, as the existent scale is removed, the Com- 
pound may introduce an unwarranted and wasteful 
excess of materials to the boilers. In either case it will 
be a simple matter to alter the relative proportions of 
the three ingredients, basing the change on the results 
of this investigation.” 

We believe the authors are refusing to take advantage 
of present attainments in water conditioning when they 
recommend treatment by compound. We believe they 
need not carry the avoidance of duplication of current 
remedies to this length. 

In modern procedure in the conditioning of boiler 
waters, alkalinity, sulphate and phosphate are inde- 
pendent variables in the boiler water, whose proper 
relationships therein are easily and exactly controlled by 
supplying each individually in the feedwater as simple 
tests on the boiler water for them may dictate. There 
is no element of chance in so conditioning the waters, 
whether the feedwater be uniform, or depart from 
uniformity. There is no element of difficulty in so pro- 
ceeding. There is no element of uncertainty of results. 
In proof, we can cite the records of many land gener- 
ating stations and of many ships in the merchant marine, 
with the widest variety of operating pressures, amount 
and type of make-up water and types of boilers, The 
character of the operating forces is surely as diversified 
as any to be found in the Navy, or elsewhere, and yet 
no ‘‘psychological factors in the administration of water 
treatment’’ have arisen to loom as even the semblance 
of an obstacle to the attainment of satisfactory results. 

The boiler compound of fixed formula cannot give 
independent and individual control of the boiler water 
The authors justify a compound, however, 
on the assumption of approximately complete uniformity 
of feedwater on all Navy boats at all places at all times, 
and hence that all boiler-water relationships are likewise 
invariable. This assumption can be correct only if the 
different amounts of contamination derived from the 
separate sources of condenser leakage, carry-over from 
evaporator brine and dissolution of reserve bottoms are 
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approximately the same on all ships for all conditions— 
something scarcely to be expected. 

If the feedwater is not thus ideally uniform, however, 
the formula of the compound represents merely a guess 
at an average of conditions, and in its application to the 
various specific conditions of which the average was 
constituted, the operator also has to guess at random, 
and merely hope to keep his boilers in some sort of usable 
condition. The authors are not unaware of this situa- 
tion, as they are already contemplating the changes 
they may make in their present compound at the close 
of 1934; and who is so rash as to presume that the feed- 
waters throughout the U.S. Navy will be wholly uniform 
in 1935, so that further changes will be unnecessary? 

Thus the use of this compound, formulated on the 
basis of an average contamination of feedwater, hazards 
the condition of all boilers in our Navy whose feed- 
waters show any departure from the average. The un- 
avoidable guessing of treatment by the operators can- 
not fail to sap their confidence and allow them to escape 
responsibility for the conditions of their boilers. 


Control by Separate Ingredients Desirable 


Why should this state of affairs be tolerated when 
control of the alkalinity, sulphate and phosphate in the 
boiler water by their individual addition to the feed- 
water would immediately ensure certainty of conditions 
in the boiler water at all times, even with wide variation 
in the character of the feedwater? Also, when the 
operators follow an entirely definite program such as 
that in the attainment and maintenance of the desired 
conditions in the boiler water, and guesswork is entirely 
lacking, they cannot escape taking the responsibility 
for conditions. As a matter of fact, our experiences in 
hundreds of plants show that they are ready to accept 
this responsibility and take pride in the results. 

Another aspect in this recommendation of a compound 
which must be considered, is the possible far-reaching 
influence of this investigation both in maritime circles 
and on land. The authors’ distinguished predecessor of 
twenty years ago in this work, Lt. Commander Lyon, 
by his investigations, made the influence of the Navy on 
water treatment both comprehensive and enduring. 
Of course, in the years that have elapsed, knowledge of 
boiler-water conditioning has grown apace. Another 
department of the Government, the Bureau of Mines, 
as a part of its program on fuel economy, gave four and 
one half years to research on water conditioning, con- 
cluding that the fundamentals of exactness and cer- 
tainty as well as economy of fuel demanded independent 
control of the variables in the boiler water. Engineers 
and operators recognize the necessity of exactness and 
certainty in water conditioning, and will not accept 
compromises. The present investigators however, 
backed by the authority of the Navy, may well wield a 
far-reaching influence. On them, therefore, rests a 
responsibility not of avoiding duplication of successful 
practices but of making procedure in the Navy the best 
and most certain under all conditions that present tech- 
nical knowledge offers, so that the influence of the Navy 
will be truly progressive and redound to its credit un- 
remittingly. Further, the power plants on the Navy 
boats, which are their very hearts and nerve centers, 
and a vital element of our National Defense, must not 
be sacrificed to “‘psychological factors in the administra- 
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tion of water treatment’”’ or to the uncertainties of alter- 
ing the relative proportions of ingredients in a compound 
after disastrous results have proved the need therefor. 

Therefore, we ask is it to the best interests of our 
National Defense that the efficiency and reliability of 
our Navy boilers should be circumscribed by making 
them dependent on compound treatment effective for 
one type of feedwater only? Our answer is ‘‘No,”’ since 
it represents just as simple operation, and greater 
economy in purchase of supplies, to provide the separate 
ingredients for the independent variables of the boiler 
water, thus giving independent control over each vari- 
able of the boiler water. 

We trust the use of a compound formula will not be 
finally sanctioned by the authorities. If it is, it wiil be 
essential that Messrs. Solberg and Adams protect them- 
selves by fully emphasizing its applicability to a sole 
set of conditions. The history of the usage of the Navy 
Compound as formulated by Commander Lyon illus- 
trates what will otherwise happen and also will happen 
in spite of all that can be done. The old formula has 
been used widely, and indiscriminately, and with no 
consideration of the conditions to which it was applied. 
Consequently, the results have been devoid of the cer- 
tainty and exactness which denote complete protection 
of boilers. An example will illustrate what can happen. 
Let us assume the use of the present proposed formula 
on a feedwater of the relative average composition of 
North American waters. If enough of the compound is 
used to provide phosphate in the boiler water, the alka- 
linity of the boiler water will be excessively high, and 
the sulphate—alkalinity ratio will be 0.35—far less than 
that recommended for operating pressures under 150 lb. 
On the other hand, if the alkalinity is maintained in the 
boiler water as recommended by the authors, the sul- 
phate—alkalinity ratio will be between 1.25 and 2.14, 
but the whole treatment might as well be made by soda 
ash, since the phosphate (equivalent to only 37.5 per 
cent of the calcium) is used up first by the calcium, and 
there is nothing left but soda ash, for the final condi- 
tioning of the boiler water. Conditions like this do not 
occur when the phosphate and alkalinity are supplied 
separately, and the necessary quantity of each is deter- 
mined by simple tests for them on the boiler water. 


Hardness Test Uncertain 


Let us consider the boiler-water tests recommended 
by the authors. The test prescribed for alkalinity is 
essential for all boiler waters, that for chloride is essen- 
tial for marine boiler waters. Although the maintenance 
of phosphate in the boiler water is the real criterion of 
prevention of scale formation, the test for phosphate 
has been omitted. In lieu thereof, a test for hardness 
of the boiler water has been substituted. This is a 
backward step, since the investigation by the Bureau 
of Mines mentioned above, soundly established the 
principle that maintenance at the evaporative surfaces 
of requisite concentration of appropriate acidic radicals 
(of which phosphate is one) represented greatest assur- 
ance in the prevention of scale formation. The test for 
phosphate is simple and certain; that for hardness is 
subject to much variation and uncertainty, and is as 
time-consuming as that for phosphate. In the main- 
tenance of phosphate, the attack on prevention of scale 
is aggressive because dealing with a sufficient phosphate 
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concentration to respond readily and with certainty to 
simple routine testing. There is always a great deal of 
uncertainty in testing for a disappearing material, and 
this is particularly true in the application of the uncer- 
tain hardness test as a control for sufficient removal of 
hardness from the boiler water to give any assurance of 
preventing scale formation. In addition, scale may be 
forming when the hardness test is negative, since the 
test is so uncertain for small amounts of hardness. The 
operator using the phosphate test and individual control 
of the boiler-water variables knows from the test the 
definite quantity of phosphate chemical which he must 
add to provide the requisite minimum concentration in 
the boiler water; the operator using compound, and 
depending only on alkalinity and hardness test, adds 
some of it to the water and hopes for the best. We 
believe our Navy should avoid such guess work and 
should have the maximum certainty of conditions 
inherent in exact control of the boiler water. 


We note the absence of reference by the authors to 
the maintenance of the sulphate-alkalinity ratios as 
recommended by the American Society of Mechanical 
Engineers for the prevention of boiler metal cracking or 
embrittlement. We believe they should not be ignored. 
We believe they should be maintained faithfully, both 
for the well-being of the boilers, and the protection from 
moral responsibility and criticism of those in charge of 
the boilers, in the event of any adverse occurrence. 
One explosion, with its possibilities of appalling loss of 
life, would administer a forceful, but sorry lesson. No 
false sense of security should be engendered by possible 
absence of this trouble in the past, because the surfaces 
of the boilers have not had the cleanliness that is one 
of the objectives of this investigation. And further- 
more, practice in the U. S. Navy should not neglect one 
of the safeguards to the boilers, and by its example lead 
to similar neglect elsewhere. The protection inherent in 
the maintenance of definite relations of the boiler-water 
sulphate to alkali, has been proved too definitely to 
neglect it. Particularly is this true for clean boilers. 


We note the authors’ statement that stabilization of 
soda ash in the boiler water seems to be effected by 
starch, but believe that all the factors seemingly pointing 
thereto should be the subject of most careful investiga- 
tion before any dependence is placed on it for the pre- 
vention of scale formation where anything is at stake. 
And if starch is going to be used, someone had better 
get busy and make certain what chemical changes it 
undergoes in the hot alkaline boiler water. Nothing 
apparently is known on this at the present time, except 
that it is hydrolyzed to dextrin and reducing sugars, and 
these in turn may undergo further decomposition into 
products which readily effect change in the boiler-water 
alkalinity. Nor is the relationship of these changes to 
the different temperatures of different operating pres- 
sures known. The only certain thing is that the starch 
does not remain as such once it arrives in the boiler water. 

When boilers are maintained clean, the problem of 
preventing corrosion assumes larger proportions than 
when they are covered by a protective coating of scale. 
Simple alkalinity control is only one of the factors in 
prevention of corrosion, and prevention demands careful 
attention to deaeration of the feedwater as well as alka- 
linity control. Especially is this true at higher operating 
pressures. 
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By our discussion and our suggestions, we detract not 
one whit from our appreciation of the authors’ work; 
nevertheless, we disagree radically with the recommenda- 
tions they have made for Navy procedure. We believe 
that water-conditioning in the Navy must be done with 
exactness and care at least equal to that considered 
essential for well-run land stations and many merchant 
vessels. Private enterprise finds in exact conditioning 
of their boiler waters both profit and the certainty that 
they have done their utmost to avert calamity if adverse 
events occur. The Navy cannot afford to do less than 
this in behalf of that for which it exists—our National 
Defense. 


Discussion by CYRUS WM. RICE, 
Pittsburgh 


I read the paper on ‘Boiler Water Treatment’ by 
Lieutenant-Commander Thorvald A. Solberg and Robert 
C. Adams, Jr. in the December issue with a greater inter- 
est than many similar articles that have been published 
on the same subject for some time. This was, first, 
because it was not written with the view of expounding 
the merits of a particular chemical or practice for ad- 
vertising purposes; second, because of its many practical 
conclusions; and, third, because the experiments dupli- 
cated operating conditions. I will discuss each of the 
several conclusions in the turn in which they appear in 
the paper. 

What I consider as one of the most important of these 
in control work has to do with the use of the sulphate to 
chloride relations for the purpose of determining the 
effectiveness of boiler-water treatments, with special 
reference to its application when using colloids. We 
have always recognized the difficulty in controlling the 
colloid treatment because of the inability of testing for 
the excess. While the application of the sulphate to 
chloride relation for controlling colloids is new to us, we 
have used this and other relations for determining the 
effectiveness of all chemical treatments. Because of the 
higher chloride content in the raw, or make-up water, 
we find it is best to use this for comparison purposes, as 
it allows for a greater chloride accuracy. 

Where the chlorides are low in the raw water, the 
accuracy of the determination can be greatly increased 
by concentrating the sample to be tested a definite 
number of times and then by dividing the results of the 
test of this for chlorides by the number of volumes so con- 
centrated. 

A very interesting conclusion drawn by the authors 
through these comparisons is that “‘the scale preventing 
action of colloids is similar to that of ordinary treating 
agents.” 

In view of what is said later in connection with the use 
of starch and our own experience with some organic con- 
taminated waters, I am inclined to believe that colloids, 
by preventing the conversion of soda ash to caustic soda, 
are largely responsible for this effect. Also, that this 
action of colloids in preventing scale is an indirect one, 
by making more of the soda ash available for the precipi- 
tation of calcium as calcium carbonate. The reverse 
effect is true where soda ash is largely converted by boiler 
pressures and temperatures to caustic soda, and in which 
form it does not remove calcium from the boiler concen- 
trates. 
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Where accurate mineral analyses are made of the raw 
or feedwater the sulphate to chloride relation in these 
waters can also be used for calculating the sulphate to 
alkalinity relation in the boiler concentrates. We have 
made many such analyses and find this relation to be 
constant enough for a large portion of the industrial 
supplies to allow for this other use of the sulphate 
to chloride relation. Under such circumstances the 
measure of the chlorides in the boiler concentrates is a 
measure both of the sulphates and sulphate to alkalinity 
relations. Where artificial sulphates are added to the 
feedwater for increasing a low natural sulphate to alka- 
linity ratio, the grains of this per grain of chloride in the 
feedwater can also be calculated and results applied to 
the ratio as it is obtained through the raw-water analyses, 
all for the purpose of establishing the required A.S.M.E. 
ratio for guarding against embrittlement. 

In addition to the mentioned values of the sulphate to 
chloride relation, we also compare the silica to chloride 
relation in the raw water with the same relation in the 
boiler concentrates for the purpose of finding out whether 
or not silica is being deposited within the boiler or boilers. 
In either case, it is necessary to keep the sulphates and 
silica in the same relation to the chlorides in both the 
raw water and concentrates. 

Where calcium is in solution in the boiler concentrates 
any soluble form of silica in the same concentrates causes 
hard adherent deposits of calcium silicate. This same 
statement holds true where calcium and sulphate are 
present. It is because of this that the forms entering the 
boiler should all be kept in solution within the boiler and 
that the boiler concentrates be maintained free of cal- 
cium through chemical precipitation of the latter. 

This influence of dissolved calcium in the presence of 
soluble sulphates and silicates was determined prior to 
1920 through the comparison of a number of analyses of 
samples of tube scale taken at the same time from fire- 
exposed boiler tubes and from boiler tubes away from 
the fire. These, with few exceptions, in the early days 
of undertreating showed the sulphate content in the 
scale from the tubes next the fire very much higher than 
that contained in the tubes away from the fire, proving 
most conclusively that the evaporation of the dissolved 
calcium to a point beyond its solubility caused adherent 
deposits of calcium sulphate. An excerpt from a letter 
dated August 11, 1921, clearly indicates this early con- 
clusion in regard to scale formations. This follows: 

“The real cementing or scaling substances in a water 
are soluble in the mass of water they attempt to filter 
and are only thrown out in structural form as the water 
is flashed into steam, which can only occur over the 
steam-generating surfaces.”’ 

Such deposits naturally make the sulphate to chloride 
and silica to chloride relations in the boiler concentrates 
less than these relations in the feedwater. On the other 
hand, where old deposits of calcium sulphate and calcium 
silicate are removed through soda treatments, these rela- 
tions in the boiler concentrates are higher than similar 
relations in the feedwater, the spread or difference be- 
tween the two depending upon the extent of this removal. 

In any case where accurate and dependable analyses of 
representative samples of both waters are compared 
periodically, the influence of any treatment in use in pre- 
venting new formations, in removing old deposits, or in 
causing new deposits, is definitely indicated. This is 
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especially true of the samples of boiler blowdown, be- 
cause these give cumulative evidence of either correct 
or incorrect treatments. 


Measuring Corrosive Effects 


Another matter of decided interest in this paper is the 
manner in which the corrosive effects of the water are 
measured. I refer here to the location of polished pieces 
of steel under the water level within the steam drum and 
solid manner in which these are connected to the shell so 
as to insure good electrical contact between the specimens 
and the boiler shell. This is exactly in line with the prac- 
tice we have carried out continuously for better than ten 
years. 

In our case the specimens are cut out of solid bars of 
boiler plate and one of the flat sides polished so as to in- 
sure the exposure of a sutface to the elements in the 
water that is 100 per cent boiler steel. These specimens 
are held solid in place by means of a special vise so as to 
insure the desired electrical contact mentioned by the 
authors. 

The value of such practices is that they present cumu- 
lative evidence of the effect of corrosive gases and any 
acid salts contained in the feedwater. This they do for 
every minute of the day and for the whole boiler operat- 
ing period, during which the specimens are exposed to the 
elements in the water. 

The proper location and fastening of such specimens is 
very important and full understanding of this by the 
authors is clearly indicated in their paper. We resorted 
to this practice after a number of years in which we sup- 
plied many plants with oxygen kits, and during which 
period we found the results obtained to be unreliable. 
Because of this we resorted to the use of the mentioned 
steel plates and to the location of sensitized steel rods in 
the feedwater loop and condensate return lines. Today 
we resort to the oxygen tests only for detecting the 
sources of oxygen or other corrosion contamination in 
the feedwater. 

The alkalinity limits given by Solberg and Adams as 
“proper” for preventing boiler scale and corrosion holds 
true for the majority of industrial waters receiving soda 
treatments, but there are exceptions to these. We have 
several records where phosphates in terms of trisodium 
phosphate were maintained in excess of 15 grains and 
alkalinity was greater than the minimum of 11.7 grains 
and hard adherent deposits of silica persisted in forming. 
In other cases, very objectionable deposits of silica fol- 
lowed attempts to maintain the required sulphate to 
alkalinity ratio with zeolite treated water and where the 
soda concentrations within the boilers were considerably 
in excess of the 20.4 grains maximum limit mentioned in 
the paper. 

The excessive use of chemicals causing high hydroxal 
will also cause deposits of calcium sulphate. This effect 
is not uncommon in water softener operations and can 
follow and will follow the over-use of either caustic soda 
or lime. 

Our practice for many years has been to build up such 
soda alkalinities within the boiler or boilers as to main- 
tain a calcium-free boiler concentrate. This regulation 
was developed back in 1907 in connection with a water- 
softener operation. Because of high sulphates and ex- 
tensive sewage contaminations at that time, it was found 
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necessary to maintain between 25 and 30 grains methyl 
orange alkalinity for this purpose. 

As our experience in handling different boiler feeds in- 
creased, we found that calcium-free waters could be main- 
tained with less alkalinities, especially where phosphates 
were substituted for caustic soda and soda ash. The use 
of sodium aluminate under certain water conditions also 
proved similarly effective. In some other cases hard 
sludge formations build up in the boilers in the presence 
of calcium-free concentrates. We have every reason to 
feel this takes place under operating conditions which 
allow the chemical precipitates to settle in solid forma- 
tions and cement in this way. 

Our reason for drawing such a conclusion is that most 
of these formations occur in sections of the boiler where 
the circulations are least active and principally under 
intermittent operating conditions where the sludge set- 
tles and is allowed to cement together between operations. 
I am greatly inclined to believe from our own experience 
that colloids would prove helpful here in preventing this 
cementing process and the formations of the hard ad- 
herent deposits mentioned above as occurring in the pres- 
ence of high phosphate concentrations. This is a matter 
. for further study but feel that the most sensible conclu- 
sion with respect to the effects of colloids in preventing 
these several depositions can best be determined by ex- 
perimenting with colloids in cases where the best chem- 
ical treatments fail. 


Phenolphthalein Indication 


Another matter mentioned by Solberg and Adams 
which is of practical interest is their single use of the 
phenolphthalein indication for field-control work. This 
is a very definite test in the hands of the most inexperi- 
enced operators where the same treatment is in use and 
where the measure of the phenolphthalein alkalinity for 
the maintenance of a calcium-free boiler concentrate is 
known and held practically uniform. 

Again, in such cases and especially in the single use 
of soda ash, there is a definite difference between the 
phenolphthalein and methyl orange alkalinity, and under 
the circumstances the test with methyl orange is not 
necessary. Where the proportion of phosphates and soda 
ash or caustic soda is varied to meet changing conditions, 
the test for the phenolphthalein and methyl orange alka- 
linities has a definite significance because changes in the 
amounts of each of these treatments has a direct bearing 
on the difference between these two indicator readings. 

For example, assume that you are using a soda ash 
treatment and have a phenolphthalein alkalinity of 20 
and a methyl orange alkalinity of 25, or normal difference 
of 5 grains. With increasing concentrations of phos- 
phate, especially mono sodium, this difference increases 
and you may have a phenolphthalein alkalinity of 10.0 
and a methyl orange of 25.0, or a difference of 15.0. 
Where large excesses of PO, exist, this difference may reach 
20 grains or more, with a methyl orange of 25.0. On the 
other hand, the excessive use of caustics in a boiler con- 
centrate decreases the difference between these alka- 
linities. 

I have checked up on some water softener operations 
where the phenolphthalein and methyl orange alkalinities 
in the boiler concentrates were nearly equal and resulting 
scale deposits within the boilers were heavy, with methyl 
orange alkalinities of 50 grains or better. In either case 
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the best objective is reached where the soda adjustments 
are such as to keep the boilers free of scale and corrosion 
and without making it necessary to add sulphates for 
maintaining the correct alkalinity to sulphate relations. 

As structural deposits of calcium can occur only where 
dissolved calcium remains in the boiler concentrates, the 
maximum removal of this must follow if structural de- 
posits of calcium silicates and calcium sulphate are to be 
prevented. Not only this, but the alkalinity required 
for this purpose allows for a higher pH than needed to 
protect the boilers against all types of corrosion other 
than oxygen and stray electric currents. The measure of 
the amount of calcium in the boiler concentrates is there- 
fore the best means for determining this effectiveness. 
The simplest test for this is the qualitative test for calcium. 

Another test which is quantitative in its determination 
is the soap test where the accuracy of this is checked 
against quantitative analyses for calcium and magne- 
sium. This soap test, with the phenolphthalein test, is 
the simplest combination for checking the effectiveness 
of a treatment, especially where the compound used is 
the same as applies under the conditions for which Sol- 
berg and Adams carried out their experiment. 

In stationary practices the operating and water condi- 
tions in the majority of cases are most complicated. 
The treatments and control work therefore require 
closer supervision. This is particularly true of boilers 
operating at high pressures and ratings. 

The last comment I have to offer on this paper is in 
connection with the use of starch. I know from past 
records that starch has been an ingredient in many boiler 
compounds but was not aware of the many values which 
the authors of this paper ascribe to it. Their various 
conclusions with respect to these values are very inter- 
esting, and in view of the many kinds of water and opera- 
ting conditions which come under our supervision, we 
propose to check many of these, both here in our labora- 
tory and under actual operating conditions. 


Discussion by J. A. HOLMES, 
National Aluminate Corporation 


The use of starch, mentioned in the paper by Lieu- 
tenant-Commander Solberg and Mr. Adams is not a new 
idea in boiler feedwater treatment. It has, for many 
years, been used in conjunction with castor oil in anti- 
foam compounds as anemulsifier. It is not at all unusual 
to find starch present in various anti-scale compounds 
that we have analyzed. 

The experiences of corn starch and sugar manufac- 
turers would indicate that starch is not a desirable boiler 
feedwater treatment. At corn sugar and starch plants 
special care must be taken to prevent any contamination 
of the feedwater with starch and more especially corn 
sugar, or dextrose. Much pains have been taken to pre- 
vent this contamination and some plants have gone so 
far as to return any condensate from the sugar pans back 
into the process rather than to boiler feed because of 
possibilities of sugar contamination. Starch is converted 
over to dextrose by caustic soda. Since boiler water 
treated with soda ash or sodium phosphate would con- 
tain some caustic soda, it is reasonable to expect that 
there would be a conversion of the starch to sugar. 
Experience has shown that appreciable quantities of 
sugars increase scale and foaming in the boilers. 
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Some ten years ago, at a boiler plant in St. Paul, the 
use of starch, in addition to certain alkalies, was at- 
tempted as an anti-foam. The experience at that plant 
indicated that more foaming was experienced with the 
added starch than with their regular treatment. This is 
contrary to the experiences at the Naval Experiment 
Station. 

In order to make further checks on the use of starch, 
we made up a mixture according to the Navy formula. 
This compound was used in our small experimental boiler 
at 250 lb pressure. The boiler is equipped with sight 
glasses, enabling us to watch the formation of foam. 
Up to a concentration of approximately 90 grains per gal 
or 1500 ppm, no appreciable amount of foam was 
formed. However, above this figure the foam rapidly 
formed until there was a visible quantity of suspended 
solids in the steam at 137 grains per gal dissolved solids 
in the boiler water. By substituting a good grade of 
tannin for the starch, visible carry-over did not result 
until 225 grains per gal concentration. 

This same compound was tested for feed line encrusta- 
tion. This was done by running water treated with 
the compound through coils immersed in a glycerin 
heated bath at approximately 200 F. Deposits formed 
on the coils amounting to an average of 5.0 mg per gal 
of water. This compares with 0.6 mg with a soda ash- 
tannin mixture, which is not even considered safe. 

These tests would indicate, that starch as an organic 
treatment is not as efficient as some grades of tannin. 


Discussion by A. C. PURDY, 
Bull & Roberts, Consulting Chemists 


This paper by Lieutenant Commander Solberg and 
Dr. Adams represents a valuable contribution to the 
extremely limited literature dealing with problems of 
water treatment in marine operation. Admittedly the 
authors have approached the problem from the view- 
point of Navy operation, with the purpose in mind of 
arriving at the simplest and most effective recommenda- 
tions fitting the water problems peculiar to the Navy. 
For instance, Navy operation presupposes the necessity 
of distilling all makeup feed from sea water, in order 
that naval vessels may at all times be independent of 
bunker water demands. In the Merchant Marine, on 
the other hand, where economic factors are of prime 
importance the tendency follows recent high-pressure 
shore practice, namely, to use raw water for make-up 
when a reasonably satisfactory supply is available. 

Starting with the seemingly logical premise that all 
Navy feedwater contamination would approximate sea 
water in the proportions of its various ions, one might 
reasonably attempt to design a phosphate treatment 
consisting of a single compound and assume that the 
demand for alkalinity and the scale preventing radical 
would remain in a fixed ratio and not fluctuate inde- 
pendently as is the case when the contamination of the 
feedwater varies in its chemical nature. Even in this 
case there would be the uncertainty involved in calcu- 
lating the theoretical phosphate demand of the mag- 
nesium ion, because of the doubt as to how it would 
distribute itself between hydroxyl, silicate and phos- 
phate. However, Solberg and Adams prove this premise 
to be unsound by their preliminary examination of 
typical Navy feedwaters and they have recognized this 
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fact in designing their suggested compound. A com- 
parison of the treating requirements of sea water and 
of the synthetic Annapolis test water, which in the 
proportion of its soluble salts represented an average 
feedwater from a Navy vessel and about which the pro- 
posed compound has been designed, indicates that the 
two waters are of very different chemical types. This 
will be clearly evident from the tabulation given below. 


Annapolis Test Water Sea Water 
(a) (b) 
Per cent of Per cent of 

ppm Total Solids ppm Total Solids 
Carbonate (COs) 0.3 0.13 70 0.2 
Sulphate (SOs) 54.2 23.6 2,700 rey 
Chloride (Cl) 85.5 37.4 19,410 55.5 
Silica (SiOz) 6.0 2.6 wae a 
Calcium (Ca) 26.6 11.6 420 1.2 
Magnesium (Mg) 5.8 2.5 1,300 3.7 
Sodium (Na) 50.6 22.1 11,100 31.8 
Dissolved Solids 229.0 one 35,000 <a 


(a) Calculated from information given us at time of tests. 
(b) U. S. Geological Survey Bulletin 479. 


If one were designing a compound to treat the Annapolis 
test water the theoretical composition would be about 
56.6 per cent anhydrous disodium phosphate and 43.4 
per cent soda ash. This approximates the suggested 
Navy compound which, without the starch, contains 
51.6 per cent of the phosphate and 48.4 per cent of soda 
ash. On the other hand, if it was desired to make up a 
compound to meet sea-water contamination, its com- 
position would be quite different, and would approxi- 
mate 14.3 per cent of phosphate and 85.7 per cent of 
soda ash. In explanation of the composition of their 
typical Navy feedwater the authors acknowledge “that 
a large part of the feedwater contamination, instead of 
being the result of condenser leakage or evaporator 
carry-over, accumulated while the water was stored in 
the reserve bottoms.’ They also recognize the influence 
of decomposing scale on treating requirements. 

A recognition of these variables in feedwater com- 
position immediately places any phosphate-alkalinity 
compound treatment in the realm of pure guesswork. 
With a control based on alkalinity alone the phosphate 
will either be too high, thus, unnecessarily increasing 
the dissolved solids in the boiler water and the resultant 
tendency to carry-over, as well as increase the cost of 
treatment; or the phosphate will be too low and scale 
will form. The former situation will develop, if the 
contamination is predominately sea water; the latter 
if the feed tanks are cement-washed or the feedwater 
contaminated in any way by lime or bicarbonate. In 
our own experience, we have found it impossible to 
prevent scale with trisodium or disodium phosphate 
when using water from cement-washed tanks, without 
developing excessive boiler water alkalinities. With the 
alkalinity and scale prevention requirements of the feed- 
water fluctuating independently, a phosphate-alkalinity 
treatment must be controlled by the separate and con- 
trolled addition of the chemicals providing alkalinity 
and those providing the phosphate radical. In this con- 
nection the Navy Department might profit by the funda- 
mental work done in the Bureau of Mines on this subject. 
In controlling phosphate treatment two tests are needed, 
one an alkalinity titration, the other a simple test for 
excess phosphate. If present accepted theories of scale 
formation are correct, a zero soap hardness will not 
assure the absence of scale. Furthermore, the hardness 
test is inaccurate and certainly as burdensome as the 
excess phosphate test. 
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REVIEW OF NEW BOOKS 


Any of the books reviewed on this page may be secured from 
Combustion Publishing Company, Inc., 200 Madison Ave., New York 





A.S.M.E. Power Boiler Code 
1933 Edition 


HE new edition of the A.S.M.E£. Power Boiler Code in- 

corporates the revisions, extensions and additions to rules 
and specifications that have been made during the past three 
years. It contains Sections I, II and VI of the A.S.M.E. 
Boiler Construction Code, covering, respectively, Power Boilers, 
Material Specifications and Rules for Inspection. 

These changes and additions include new rules for the fusion 
welding of drums or shells of power boilers; for unreinforced 
openings in dished heads; for computing the thickness of un- 
stayed flat heads; for the use of fusion welding to seal the 
calking edges of circumferential-riveted lap joints; for the use 
of the electric resistance butt welding method; the latest 
requirements for X-ray of welded longitudinal and circumferen- 
tial joints; for unreinforced and reinforced nozzle openings, 
including examples of methods of computing openings in shells; 
revisions of several material specifications to conform with the 
latest specifications of the A.S.T.M., and the approved dimen- 
sions of the A.S.A. 

The Code contains 314 pages, including a comprehensive 
index, size 5'/2 X 8. Price $2.50. 


Handbook of Chemistry 
and Physics (Eighteenth Edition) 


HE Eighteenth Edition of the well-known Handbook of 

Chemistry and Physics contains many revisions and addi- 
tions. 

Most important of these changes is that of the Table of Physi- 
cal Constants of Inorganic Compounds. This table has been 
completely revised. Nearly a thousand new compounds have 
been added, and more complete and recent data are supplied 
for those previously listed. The metal-organic compounds 
have been placed in a separate table following the Table of the 
Physical Constants of Inorganic Compounds. Their number 
has been greatly increased, due to their growing importance. 
The arrangement of both of these tables has been improved in 
order to facilitate finding and studying the properties of related 
substances. 

The following new tables have been added to the Eighteenth 
Edition: volumetric primary standards; efficiency of drying 
agents; liquids for index of refraction by immersion method; 
density of fluosilicic acid solutions. 

The following tables have been revised and enlarged so as to 
include the results of work recently done in the fields covered by 
these subjects: pH values for potentiometer readings; organic 
analytical reagents; optical rotation of acids and bases; solu- 
bility chart; musical scales. 

The section devoted to the description of the elements has 
also been wholly rewritten, made more complete and brought 
up-to-date. The revision of the tables giving the characteris- 
tics of thermionic vacuum tubes has been made necessary by 
the appearance of a very large number of new types. A new 
table which will be of interest to a wide circle of readers is the 
unusually complete compilation of the speed of photographic 
plates and films. The elastic and mechanical properties of 
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materials replace a former table on the same subject. The 
mathematical section has been increased by the addition of the 
table “Factors and Primes.” 

This book contains 1818 pages, including index, size 41/2 
6°/,. Price $6.00. 


World Economic Survey 
1932-33 


HE World Economic Survey 1932-33 is the second vol- 

ume of an annual series issued by the League of Nations. 
The information it contains was collected from all over the 
world by the Economic Intelligence Service of the League, and 
it therefore provides an authoritative survey of what perhaps 
was the most critical year in world economic history. 

The Survey presents a comprehensive view of the American 
banking crisis, the movement toward reduction of hours, the 
situation regarding international debts, the magnitude of agri- 
cultural stocks compared with current production, the decline 
in international trade, and the recent rise in prices and re- 
covery of production. The economic situation is carried right 
up to date, and the final chapter includes a report of the pro- 
ceedings at the first session of the Monetary and Economic 
Conference, a description of recent legislation in the United 
States, and a summary of the economic situation at the end of 
July. 

This book contains 345 pages, size 6'/, X 9'/2. 
cloth bound $2.00; paper bound $1.50. 


Price: 


Elements of Engineering 
Thermodynamics (Fifth Edition) 
By J. A. Moyer, J. P. Calderwood and A. A. Potter 


N THE preparation of the material for the fifth edition of 

this book, the authors have kept before them their original 
objective, namely, to stress the fundamental principles of 
engineering thermodynamics as a foundation for the more ad- 
vanced and practical applications of the theory. The original 
book was particularly intended for use in those technical 
colleges where it was possible to give special courses in the 
subject of advanced thermodynamics, as well as in steam 
turbines, internal combustion engines, refrigeration and other 
applications of thermodynamics. 

The new material includes the thermodynamic treatment of 
uniform flow processes and new vapor tables for steam and 
ammonia. Reversible and irreversible processes are given addi- 
tional attention, and the symbols have been changed to con- 
form with those now standard for vapor and other thermody- 
namic calculations. 

The subject matter covered, as indicated by the chapter 
headings, is as follows: Thermodynamic Principles and Defi- 
nitions; Properties of Perfect Gases; Thermodynamic Processes 
for Gases; Cycles of Heat Engines Using Gas; Properties of 
Vapors; Entropy; Thermodynamic Processes of Vapors; 
Vapor Cycles; Flow of Fluids; Applications of Thermo- 
dynamics to Compressed Air and Refrigerating Machinery. 

The book contains 192 pages, size 6 X 9. Price $2.50. 
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NEW CATALOGS AND BULLETINS 


Any of the following publications will be sent to you upon request. Address your 
request direct to the manufacturer and mention COMBUSTION Magazine 





Bronze Castings 


Standard bronze, aluminum bronze and 
super-tensile manganese bronze castings 
under the trade name of Elesco are de- 
scribed together with specifications in a 
new bulletin, B-1 issued by the Bronze 
Foundry Division of The Superheater 
Company, East Chicago, Indiana. 


Compressors 


Bulletin L-612-BIA describes in detail 
features of horizontal, duplex, motor- 
driven Worthington compressors of the 
feather valve type. These range in pis- 
ton displacement from 350 to 5011 cu ft 
per min and speeds of 300 to 150 rpm. 
Specifications are included for all sizes in 
both the direct-connected and belted 
types. 27 pages, 8 X 10!/, in., fully illus- 
trated—Worthington Pump and Machin- 
ery Corporation, Harrison, New Jersey. 


Flexible Couplings 


A new illustrated catalog has been 
completed by Link-Belt Company, on 
flexible shaft-couplings. Three different 
types are tabulated and priced, with 
special emphasis on type ‘““RC”’ which em- 
ploys Silverlink Roller Chain for flexibly 
connecting the two toothed coupling 
halves. Both revolving and stationary 
types of automatic-lubricating casings are 
included. The selection of the right 
coupling for the work is made easy by a 
series of conveniently arranged tables 
Link-Belt Company, Indianapolis, Ind. 





Flow, Level and Pressure 
Controls 


This new catalog describes in detail 
improvements in the Copes balanced 
valves, the straight-line hydraulically 
operated valve for heavy flows and high 
pressure drops, the type BIC liquid level 
controls, reducing valves, vacuum gover- 
nor drainage controls and fuel cut-out 
device. Complete specifications are given 
for each and their application discussed. 
The catalog is fully and attractively 
illustrated. 16 pages and cover, 8'/2 X 
11—Northern Equipment Co., Erie, Pa. 


Flow Meters 


Improved design and construction fea- 
tures of Republic flow meters, including 
the ‘‘cartridge sealed element,” are cov- 
ered in a new catalog, No. 700. This de- 
scribes the principle of the electric re- 
sistance type of flow measurement and 
presents a completely illustrated descrip- 
tion of the cartridge-sealed element form 
of instrument mounting. Much informa- 
tive data are included. 24 pages, 8!/2 x 
11—Republic Flow Meters Company, 
Chicago, Illinois. 


Fluid Valve 


A new fluid valve is the subject of a 
four page leaflet recently issued by the 
Westinghouse Electric and Manufactur- 
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ing Company. Large or small volumes 
of compressed air, liquid mediums such 
as gasoline, water, oil and gas can be 
controlled accurately by the use of this 
electrically operated check valve. Copies 
of this publication may be obtained from 
the nearest district office or direct from 
the advertising department, East Pitts- 
burgh, Pa. 


Oil Burner 


A recent bulletin describes improve- 
ments in the Hammel Oil Burner for high- 
pressure steam boilers using steam or air 
for atomization. Applications of the 
front and back shot arrangements are 
illustrated and discussed and test data 
included. 12 pages, 8'/2 X 11—Hammel 
Oil Burner Company, Inc., Los Angeles, 
California. 


Portable Instruments 


A new line of portable G-E electrical 
instruments for general utility testing is 
described in bulletin GEA-1784. These 
instruments, which include voltmeters, 
milliammeters, ammeters and _ watt- 
meters, are designed for an accuracy of 
better than one per cent and the use of 
Permaloy for the moving vanes enables 
calibration to be maintained for an in- 
definite period. These are housed in com- 
pact, light-weight cases and the construc- 
tion is sufficiently sturdy to withstand 
the hand service encountered around an 
industrial plant. 8 pages, 8 X 10!/,— 
oo Electric Company, Schenectady, 
N. Y. 


Pressure Control Instruments 


Bulletin No. 2000-c has just been issued 
describing in detail the construction and 
operation of the ‘‘Mason-Neilan”’ line of 
compensated pressure-control instruments 
designed to eliminate hunting, cycling and 
over-control. These include pressure con- 
trollers of the recording and non-recording 
types of pressure gages, diaphragm con- 
trol valves, etc. 24 pages, 8'/. X 11, 
fully illustrated in color with list prices 
included—Mason-Neilan Regulator Com- 
pany, Boston, Mass. 


Pressure Instruments 


Bulletin 185 describes the Foxboro 
line of recording, controlling and indicat- 
ing pressure instruments for use with air, 
steam, gas, oil, etc., and a wide range of 
pressures from vacuum to 20,000 Ib per 
sq in. Gage specifications, and instruc- 
tions for ordering are included and the 
application of each type discussed. 40 
pages and cover, 8!/2 X 11, illustrated— 
The Foxboro Company, Foxboro, Mass. 


Pulverizer Equipment 


The improved “Unitype’’ pulverizer, 
manufactured by the Erie City Iron 
Works, Erie, Pa., is fully described in a 
recent catalog issued by that company. 
This pulverizer is of the multi-stage, im- 
pact type and employs welded construc- 


tion. A table of essential dimensions for 
the fan standard capacities, namely, 
1500, 2500, 4500 and 9000 Ib of coal per 
hour, is included for the convenience of the 
user. 


Steam Storage and Regulator 


Two bulletins, one on Steam Storage 
and the other on the A. V. A. Regulator 
have recently been issued by Ruths Steam 
Storage, Inc., New York. The former 
describes the basic functions of steam 
storage and discusses its application to 
manufacturing plants using large and 
variable quantities of process steam. The 
second deals with the automatic regulating 
valve essential to steam storage systems 
in order to obtain a high degree of sensi- 
tiveness for operation in parallel with 
other regulators, especially turbine regu- 
lation. 20 and 8 pages, 8'/2 X 11. 


Thermometers and Pressure 
Gages 


Catalog No. 6702, recently issued, de- 
scribes the new Brown thermometer and 
pressure gage line. These are available 
in the indicating, recording and control- 
ling types. The present designs incor- 
porate such features as electric chart 
drive, universal case, automatic pen re- 
lease, interchangeable plates for removing 
helix or converting the instrument to two 
or three pens, a bulb designed for maxi- 
mum sensitivity and capillary tubing un- 
affected by sudden temperature changes. 
80 pages and cover, 8'/2 X 11, profusely 
illustrated in color and numerous tables 
of specifications and dimensions.—The 
Brown Instrument Company, Philadel- 
phia, Pa. 


Valves 


Catalog 11 showing complete line of 
Ferac valves, including non-return, globe 
and angle-stop, check and blowoff valves, 
for service in steam plants operating up to 
pressures of 250 lb. These valves are 
completely described with full specifica- 
tions, dimensions and list prices in- 
cluded—The Edward Valve & Manu- 
facturing Company, Inc., East Chicago, 
Indiana. 





NOTICE 


Manufacturers are re- 
quested to send copies of 
their new catalog and 
bulletins for review on 
this page. Address copies 
of your new literature 


to 
COMBUSTION 
200 Madison Ave., New York 














EQUIPMENT SALES 
Boiler, Stoker, Pulverized Fuel 


As reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census. 





Boiler Sales 


Orders for 151 water-tube and h.r.t. boilers were placed in 
October and November 





Number Square Feet 
ae I ae a 90 251,175 
November, 1933 191,823 
January to November samme meee Nes 2,705,152 
Same period, 1932.... Gaia Merete 5 2,031,378 





NEW ORDERS, BY KIND, PLACED IN OCTOBER AND 
NOVEMBER, 1932-1933 
October November October November 
1932 1932 1933 1933 


— 





Kind No. Sq. Ft. No. Sq.Ft. No. Sq. Ft. No. Sq. Ft- 
Stationary: 

Water tube 25 75,277 29 181,618 41 188,721 34 156,992 
Horizontal 

return 

tubular ; 22,193 39 51,914 49 62,454 27 34,831 


Mechanical Stoker Sales 


Orders for 327 stokers, Class 4,* totaling 54,955 hp. 
were placed in October and November by 42 manufacturers. 





Installed under 





Fire-tube Boilers Water-tube Boilers 








No. Horsepower No. Horsepower 
October, 1933 130 16,031 29 9,033 
November, 1933 128 14,586 40 15,305 
January to November (inclu- 
sive, 1933) . 1,027 129,432 395 145,603 
Same period, 1932 eu 842 110,572 347 132,572 





* Capacity over 300 Ib. of coal per hr. 


Pulverized Fuel Equipment Sales 


Orders for 25 pulverizers with a total capacity of 201,550 lb. 
per hr. were placed in October and November 


STORAGE SYSTEM 





Pulverizers Water-tube Boilers 








) 


Total number 

No. for new boilers, 
furnaces and kilns 

No. for existing boilers 
Total capacity lb. coal 
per hour for contract 
Total sq. ft. steam- 
generating surface 
Total lb. steam per 
hour equivalent 


Number 


October, 1933........ ee 
November, 1933......... 
January to November - 
clusive, 1933).......... 5 2 220,000 4 
Same period, 1932. es ar eae: 5% 


DIRECT FIRED OR UNIT SYSTEM 


— 


Pulverizers Water-tube Boilers 


we 


Heteber, 1988 ........25.5% ee 68,400 44,354 415,000 
November, 1933 { 9 6 129,900 85,025 997,750 
January to November wedi 

clusive, 1933).......... 9 7 632,740 538,777 5,326,810 
Same period, 1932. 3 48 2 392,888 463,194 3,536,260 








Fire-tube Boilers 





October, 1933 S ae. wa 3,250 4,500 28,000 


November, 1933 
January to November diesel 

clusive, 1933).. ‘ : 19,450 27,610 170,940 
Same period, 1932. : 2 13,300 20,310 114,650 


BOILER TUBES 


Electrunite Boiler Tubes resist corrosion for these 
reasons. They are made from strip steel, free from 
scabs, slivers and rolled-in scale. Inside and outside 
surfaces are clean and scale-free. Rolling of the strip 
gives the finished tube dense inside and outside surfaces. 
Full-normalizing produces a uniform grain structure. 


Made in a full range of sizes for fire-tube or water- 
tube boilers. And stocked in most large cities. 


Write for folder telling why Electrunite Boiler Tubes 
will save you money. 


STEEL AND TUBES, INC. 


WORLD'S LARGEST PRODUCER OF ELECTRICALLY WELDED TUBING 


CLEVELAND + + + OHIO 


A UNIT OF REPUBLIC STEEL CORPORATION 
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Steel and Tubes, Inc 
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